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ABSTRACT 
The work presented in this thesis consists of two parts: (i) Syntheses, 
characterizations and reactivities of main-group metal (group 1, 2 and 12) complexes 
containing pyrazyl-linked bis(l-aza-allyl) ligands. (ii) Syntheses, characterizations 
and reactivities of main-group metal (group 2 and 14) complexes containing 
bis(phosphoranoimines) ligands. 
Chapter one describes the development of a series of alkali-metal complexes for 
the bis(l-aza-allyl) ligand. Syntheses and characterizations of pyrazyl-linked 
bis(l-aza-allyl) alkali metal complexes [M2 {{N(SiMe3)C(Bu')C(H)} 2C4H2N2-2,3}-
(THF)„]2 (M = Li, n = 2,1; M = Na, n = 2, 2; M - K, n = 3, 3) have been presented. 
The single crystal X-ray structures of the complexes have been determined. 
Chapter two presents the syntheses and characterizations of magnesium and zinc 
metal complexes containing pyrazyl-linked bis(l-aza-allyl) ligands. Treatment of 1 
with four equivalents of MgBr2(Et20) yielded the binuclear magnesium complex 
[Mg2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}Br2(THF)4] (4). Metathesis reaction of 1 
with four equivalents of ZnCh gave the ion-bonded lithium zincate complex 
[Zn2{{N(SiMe3)C(Buy(H)}2C4H2N2-2,3}Cl2(^i-Cl)2Li2(THF)6] (5). Attempts to 
synthesize the analogous cadmium complex have not been successful. However, 
reaction of 1 with four equivalents of CdCl? afforded the unpredicted cyclized product 
Structural characterizations of all 
complexes by X-ray structural analysis and N M R spectroscopy have been presented. 
Chapter three deals with the reactions of bis(phosphoranoimido) complexes with 
group 14 metal derivatives. Metalation of neutral 2,6-lutidine-functionalized 
bis(phosphoranoimines) (Me3SiN=PR2CH2)2C5H3N-2,6 (R = Pi', 7; R = Ph, 8) using 
iii 
MgBu2 in THF led to the formation of bis(phosphoranoimido) magnesium complexes 
[Mg{(Me3SiN=PR2CH)2C5H3N-2,6}THF] (R = Pr', 9;R = Ph, 10). Further reaction of 
9 with one equivalent of SnCl� yielded the tin(II) complex containing a 
1,3-distannacyclobutane and chlorotin(II) alkyl moieties 
[{2-{Sn{C(Pr'2P=NSiMe3)}}-6-{Sn{CH(Pr'2P=NSiMe3)}Cl}}C5H3N]2 (11). 
Treatment of 7 with two equivalents of Pb{N(SiMe3)2}2 afforded the lead(II) complex 
consisting of a 1,3-diplumbacyclobutane and bis(trimethylsilyl)amido lead(II) alkyl 
moieties [{2-{Pb{C(Pr'2P=NSiMe3)} }-6-{Pb{CH(Pr^2P=NSiMe3)}N(SiMe3)2} }-
C5H3N]2 (12). Similar reaction of 9 with one equivalent of GeCl2(dioxane) yielded the 
germanium(II) enamido and alkyl complex without forming a 
I ： 
1,3-digermacyclobutane ring [{2-CH(Pr'2P=NSiMe3)-6-CH(Pr'2P=NSiMe3)}-
C5H3NGe{2-{C(Pr'2P=NSiMe3)Ge}-6-CH2(Pr'2P=NSiMe3)}C5H3N] (13). Compound 
9 has been found to be the ligand transfer reagent and strong base for 
dehydrochlorination. Compounds 9-13 have been structurally characterized by X-ray 
crystallography and N M R spectroscopy. 
iv 
摘要 




對 橋 聯 的 雙 （ 丨 - 氣 雜 - 稀 丙 基 ） 驗 金 屬 配 合 物 
[M2{{N(SiMe3)C(BuOC(H)}2C4H2N2-2,3}(THF)n]2 (M = Li,n = 2, 1;M = Na, n = 2, 
2 ; M = K,n = 3,3)進行了合成和結構表征，並給出了 X -射線衍射的單晶結構。 
第二章，介紹了含有 橋聯的雙（�-氣雜-稀丙基）配體的鎮和鋅配合 
物的合成和表征。化合物1與四當量MgBr2(Et20)反應可生成雙核的鎮複合物 
[Mg2{{N(SiMe3)C(Bu^)C(H)}2C4H2N2-2,3}Br2(THF)4] (4)。化合物 1 和四當量 
Z n C l 2 發 生 複 分 解 反 應 生 成 離 子 鍵 的 鋅 酸 鍾 配 合 物 
[Zn2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}Cl2(^-Cl)2Li2(THF)6] (5)。然而，锡的類 
似物的合成沒有成功。但是’化合物1和四當量CdCl2反應可以生成環狀化合物 
[{Me2Si{NC(Bu')C(H)}}2C4H2N2-2,3] (6) ° 所有配合物都經 X -射線衍射和 N M R 
譜進行結構表征。 
第I三章，介紹了含有雙膦並胺配體的第十四族金屬配合物的研究。中性2,6-
基咬-雙麟亞胺（Me3SiN=PR2CH2)2C5H3N-2,6 (R = Pr', 7; R = Ph, 8)和 
M g B u 2 在 T H F 中 發 生 複 分 解 反 應 生 成 雙 膦 亞 胺 鎮 配 合 物 





7和兩當量的Pb{N(SiMe3)2}2反應可生成含有1,3 - 二錯環丙烧和雙(三甲基娃基） 
4 基錯（II)的錯配合物[{2-{Pb{C(Pr'2P=NSiMe3)}}-6-{Pb{CH(Pr'2P二NSiMe3)}-
N(SiMe3)2}}C5H3NM12)°然而，化合物9和一當量GeCh在1,4 - 二氧六環中反 
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SYNTHESES AND CHARACTERIZATIONS OF 
PYRAZYL-LINIKED BIS(l-AZA-ALLYL) ALKALI- METAL 
COMPLEXES 
1.1. Introduction 
1.1.1. A General Review of 1-Aza-Allyl Ligands 
Background and Development 
The chemistry of metal heteroallyls such as 1-oxa-allyls 1-phospha-allyls 
and 1,3-diaza-allyls III^ '^  has generated much interest. Subsequently, the 
isolobal and structurally related 1-aza-allyls IV have also received much attention. 
— — — — — — — 
I II III IV 
A major development in the mid 1990s has found that 1-aza-allyl ligands can 
play a useful role as spectator ligands, by virtue of their strong binding ability to 
metals, their exceptional and tunable steric demands, and their diversity of bonding 
modes. A series of publications from Lappert and co-workers has been devoted to the 
synthesis, structures and reactions of metal 1-aza-allyls and y^ -diketiminates. 
Thermally stable 1-aza-allyls of s-, p-，d- and f-block metals in a variety of metal 
oxidation states have now been prepared and characterized.'^  It is attributed to the 
kinetic stabilization provided by bulky substituents at the 1-N and 3-C positions, and 
the presence of the hard nitrogen and soft carbon potential ligating centers. 
1 
In recent years, Lappert and coworkers have successfully examined the 
1-aza-allyl and y9-diketiminato zirconium(IV) chlorides complexes as catalysts, with 
methylaluminoxane (MAO) as cocatalyst, for the polymerization of ethylene and 
propylene (Figure 1.1). 
Figure 1.1 
n!^  乂N I J V 
MegSi, J X ^ SiMea SiMeg 
Cr I \。丨 CI CI 
CI 
, R2 




Ri = Ph or Bu'; r2 = H or SiMej 
Use of the 1-aza-allyl ligand has significantly broadened knowledge in the area 
of bivalent group 14 metals. The group 14 metal 1-aza-allyls indicate that the size of 
the substituents on the ligands plays an important role in determining the bonding to 




Sn{N(SiMe3)C(Ph)C(SiMe3)2}]，the variation in coordination modes is due to the 
nature of substituents on the N C C backbone (Figure 1.2).'^  
2 
Figure 1.2 
Me3Si\ , S n \ ^S iMe j Me^Si M e j S i ^ ^S iMe j 
A K 
R Bu' Bi/ R \ I I 
SiMea SiMcj SiMe] SiMe, 
R = QH3Me2-2,5 
[51 [6] [7] 
Recently, our group has prepared a novel asymmetric distannene 
[{HN(Bu)C(SiMe3)C(H)]-2-[N(Bu)(SiMe3)CC(H)]C6H4}Sn+Sn{l,2-[N(Bu> 
(SiMe3)CC(H)]2C6H4}] 18】in which the two independent stannylene moieties are 
linked by a Sn-Sn bond.^ ^ One aza-allyl fragment of the ligand coordinates to Sn atom 
in /7I-C bonding mode while the other aza-allyl ligand of the same ligand links to Sn 
in t]^-C,N coordination mode. 
MejSi Bu* 
" V ^ n J 
MesSi, \ \iMe3 
Bu' 
丨8丨 m 
Several 1-aza-allyl complexes of the lanthanides have been synthesized from 
potassium 1-aza-allyl complexes. Divalent samarium and ytterbium complexes with 
bis(2-pyridylphenylmethyl)dimethylsilane ligand [9] have been prepared by Yasuda 
and coworkers.2o Their catalytic activities for the polymerization of methyl 




The 1-aza-allyl ligand IV, related to the allyl ligand V, comprises an N C C 
backbone with a delocalized negative charge. The R' groups on nitrogen may be 
hydrogen, alkyl, aryl, or silyl groups. The R^ or r4 groups on carbon can link with 
another C N groups to form either symmetric or asymmetric yff-diketiminato ligands 
VI 
r3 r3 
R2 R2 R 
r2 C R2 c. .R* 
I i I / � K / � \ 
F/ V R5 
IV V VI 
Bonding Modes 
There is a considerable diversity of bonding modes (A-G) for the metal 
1-aza-allyls and yS-diketiminates. The variation in structural types depends on the 
nature of the substituent groups on the ligand backbone, the nature of the metal and 
the presence or absence of neutral coligands such as Et20 and THF. 
4 
M 一 — n / V —C〈 \ 
\ 八 1 1 卜 》 — / \ 
A B C D 
- f t -9》戈 
E F G H 
Bonding mode A shows the C-centered //^ -chelating fashion. The presence of 
sterically demanding substituents on the N C C backbone serves to afford thermally 
stable metal complexes in a low-coordination environment. Examples are found in 
[^n{N(SiMe3)C(Bu')C!(H)(SiMe3)}2]'' and [l\!l{NC^(SiMe3)2-2}2] (M = Mg, Zn, 
Cd, and Hg)^ '. Type B coordination corresponds to the N-centered ^'-enamido 
bonding mode. It is usually favorable when the metal complexes contains bulky 
1-aza-allyl ligands or strong neutral donor, as in [Li {N(SiMe3)C(Ph)tH 
(SiMe3)}(THF)2] and [Li{N(SiMe3)C(Ph)C(H)Ph}(tmen)].^^ The chelating mode C is 







[Ln{N(SiMe3)C(Bu^)d(H)(SiMe3)}2(THF)n] ( Ln 二 Sm, n = 1; Ln = Yb, n = O f 
demonstrate the ^ -^coordination of the 1-aza-allyl ligands. Bonding mode D shows 
the N-centered 7^ -chelating fashion, usually found in the asymmetric ^ -^diketiminato 
ligands linked with neighboring fused heterocyclic rings such as 
[Zr{N(SiMe3)C(Bu)C(H)(C5H4N-2)}2Cl2].i6 Mode E represents a terminal 
I 1 
A/,A^ '-chelating coordination and the M N C C C N ring is planar. It can be observed in 
5 
I 1 ， （ 
[{Co{N(SiMe3)C(Bu)CHC(C5HioN)N(SiMe3)}2}] Type F shows that the metal M 
is located out of the almost planar N C C C N moiety, as in [(DIPP-nacnac)2M] (M = 
Mg, Ca, Sr, and Ba; DIPP-nacnac = (2,6-Pr'2C6H3)NC(Me)C(H)C(Me)N(2,6-
Pr'2C6H3)).^ ^ When the M-C contact is close enough, the ligand can be regarded as a 
；/^ -71-bonded, particularly if the metal has unfilled d orbitals of suitable symmetry. 
Bonding modes G and H are the situations in which the coordination modes are both 
"5-chelating and //^ -bridging, thus highlighting the similarity between the 
yff-diketiminato ligands and cyclopentadienyl ligands. These bonding modes are rare 
and one example is found in [Li{N(SiMe3)C(Ph)C(H)C(Ph)N(SiMe3)}-
{LiCH(SiMe3)2}THF].22 
1.1.2. A General Review of Group 1 Alkali-Metal Complexes Containing 
Bis(l-Aza-Allyl) Ligands 
Background 
Organo alkali-metal complexes are widely used as transfer reagents in 
preparative main-group and transition metal chemistry. Structures of this class of 
complexes and related compounds have received much attention. Several reviews on 
the syntheses and structures of organo alkali-metal complexes have been 
conducted. “ Organolithium compounds can be prepared by deprotonation of alkane 
derivatives using strong bases such as Bu"Li. A heavier group 1 congener can be 
obtained by treatment of the organolithium compound with an appropriate heavier 
group 1 metal alkoxide or aryloxide. 
In the last decade, research on LiCH(SiMe3)2 has derived a range of lithium 
1-aza-allyls exhibiting various coordination modes.^^ Raston and coworkers have 
reported some pyridine-functionalized lithium alkyl complexes and these may act as 
6 
models for lithium 1-aza-allyls.^The first fully characterized lithium 1-aza-allyl 
I 1 … 
was [{Li{^-N(SiMe3)C(Bu')C(H)(SiMe3)}}2] Since then, syntheses and structural 
characterizations of lithium 1-aza-allyls have been developed. Figure 1.3 shows the 
structures of several 1-aza-allyl alkali-metal compounds. 
Figure 1.3 
Bu' 
Pj Li (TMEDA) p 
L Li MesSi N ‘ 丨 》 0 \、N——SiMes 
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Li Li I 
• EtzO—^Li EtzO 
t k 
MejSi~~-A yN、 、 J 
1141" „5]37 
7 
General Methods of Preparation 
Two major synthetic paths (a & b) have been used for the preparation of lithium 
1-aza-allyl complexes. Lithium (or Sodium or Potassium) 1-aza-allyls are effective 
ligand transfer reagents and their reactions with appropriate metal halides provide the 
synthetic path to synthesize numerous main-group, transition metal and lanthanide 
metal compounds” 
a. Deprotonation of an aldimine, ketimine or similar unsaturated species as shown 
in Scheme 1.1.38,39 
Scheme 1.1 
Ri\ /R2 Bu"LiorPi^2NLi 
N = < ( ^ ； - / 
CHR\ “ VCR32 
r2，or r3 = H, alkyl, or aryl 
b. Insertion of alkali-metal compound M C H R 2 (R = SiMes) or a related compound 
into a nitrile R'CN. The proposed reaction pathway involves a 1,2-insertion of 
R'CN into the M-C bond followed by a 1,3-silicotropic rearrangement. Scheme 
1.2 illustrates that lithium bis(trimethylsilyl)methyl is inserted into ButN]。 









When an excess of R'CN is used, 1:2 adduct of alkali metal /^-diketiminate can 
be obtained (Scheme l . S ) , 
Scheme 1.3 
Ph SiMea 
LiCH(SiMe3)2 + 2PhCN • 1/2 < 7 ^Li 
Ph \siMe3 2 
1.2. Objective 
The continuing development of new spectator 1-aza-allyl ligands is obviously 
inspired by their exceptional and tunable steric demands, various coordination modes 
due to asymmetric backbone, and their potential as catalysts for olefin polymerization 
when bound to especially early transition and lanthanide metal."’'，二。 
In our earlier studies, the pyridyl- and quinolyl- linked 1-aza-allyl lithium 
compounds have been prepared by the reaction of a lithium alkyl with organonitrile.'^ ^ 
And recently, the syntheses and structures of 2,6-pyridyl-linked bis( 1-aza-allyl) alkali 
metal compounds have been reported.^ ^ These /^ -diketiminate-based ligands possess a 
nitrogen heterocycle as part of the ligand backbone and thus expected to carry both 
good a- and k- donating properties. Through the extra coordination from the 
heterocylic nitrogen, it is able to stabilize some metal compounds. 
Moreover, the newly developed phenyl-linked bis( 1-aza-allyl) alkali metal 
compounds show that the electrons within the 1-aza-allyl side chains are delocalized 
along the phenyl ring, indicating these ligands carry the properties of an open 
heteropentadienyl ligand. 
In order to combine the above two characteristics in a ligand, this work is to 
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develop the synthesis of a novel y9-diketiminate-based pyrazyl-Iinked bis(l-aza-allyl) 
ligand and explore its bonding modes in various metal complexes. Two 1-aza-allyl 
side chains are bridged by the pyrazyl ring, an anticipated resonance as shown below 
underlines the potential of this ligand as a bulky spectator ligand to offer control of 
the coordination environment of the metal to an extent that challenges 
cyclopentadienyl or fulvalene ligands. It can also act as either 1-aza-allyl or 
/y-diketiminato ligand to form the bimetallic tricyclic compounds in diverse bonding 
fashions. 
Bu'〉 Bu' Bu' 
MeaSi一N \ ~ ~ / N——SiMe� MejSi—N^"^————SiMe, 
N N N N 
w w 
A series of alkali-metal compounds for the pyrazyl-Iinked bis( 1-aza-allyl) ligand 
will be anticipated. Subsequently, these compounds will be used as ligand transfer 
reagents to synthesize group 2 and 12 metal compounds via salt elimination reactions. 
Their structures will be studied and their reactivities will be compared. 
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1.3. Results and Discussion 
1.3.1. Preparation and Characterization of Pyrazyl-Linked Bis(l-Aza-Allyl) 
Di-Lithium Complex 
1.3.1.1. A Modified Synthesis of Pyrazyl-Linked Bis(l-Aza-AIIyl) Di-Lithium 
Complex 丨Li2{{N(SiMe3>C(Bu')C(H)}2C4H2N2-23}(THF)2l2 (1) 
Pyrazyl-linked bis( 1-aza-allyl) di-lithium complex 
[Li2{{N(SiMe3)C(Bu)C(H)}2C4H2N2-2,3}(THF)2]2 (1) was synthesized according 
to the reported procedure with some modification/^  Lithiation of 
2,3-bis(trimethylsilylmethyl)pyrazine (CH2SiMe3)2C4H2N2-2，3 with Bu”Li and THF 
in the absence ofTMEDA followed by the reaction with B u C N afforded compound 1 
as deep red crystals in 90.4 % yield (Scheme 1.4). In comparison with the reported 
procedure in which Et20 and T M E D A were used instead of THF, the modified 
procedures in this work produce the compound which is easier to work up and has a 
higher solubility and thus the product yields can be improved. 
Scheme 1.4 
Bu' Bu' 
广 N (1) — — 
k i t 
N^ y V \ / V Li—N、 N—Li 




Reagents and Conditions: (i) 2 Bu"Li’ THF, -78 T , 5 h; (ii) 2 Bu'CN, 0°C, 12 h. 
1.3.1.2. Physical and Spectroscopic Properties of Complex 1 
Compound 1 is an extremely air- and moisture-sensitive deep-red crystalline 
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solid. It is soluble in THF and Et20, but only sparingly soluble in toluene and 
saturated hydrocarbons. It darkens and decomposes at temperature above 300 °C. It 
was characterized by N M R spectroscopy，elemental analysis and X-ray 
crystallography. 
The N M R spectrum of 1 showed two sharp singlets at 6 0.29 and 1.36 ppm 
which were attributed to the protons of SiMes and Bu' groups, respectively. The peak 
at 5 6.09 ppm was assigned to the methine proton. The pyrazyl protons displayed one 
singlet in the aromatic region at 5 6.98 ppm. The '^ C N M R spectrum displayed nine 
peaks that were consistent with the proposed structure. In all the spectra, one set of 
resonances due to the 1-aza-allyl ligand was observed, indicating that compound 1 
contains ligands bound to the metal centers in symmetrical and equivalent positions. 
1.3.1.3. Molecular Structure of Complex 1 
A perspective ORTEP drawing of the molecular structure of compound 1 is 
shown in Figure 1.4. Selected bond distances and angles are listed in Table 1.1. 
Crystallographic data collection and structure refinement are summarized in 
Appendix II. 
Compound 1 is a centrosymmetric dimer with a C2 symmetry. It consists of two 
different lithium environments. One lithium atom is three-coordinate in a central 
Li2N2 rhombus, the angles subtended at N (74.5(3) and 75.2(3) are smaller than 
those at Li (104.9(3) and 105.4(3)。). The second lithium atom is four-coordinate with 
a terminal A/;#-chelation by the ligand. 
Li(l) atom is coordinated to the ligand in a //^ -fashion with a o-bonded enamido 
ligand supplemented by a dative a-buond pyrazyl moiety (D). The bonding within the 
N C C C N ligand skeleton which is localized with But=C double bond is evident from 
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the comparatively short C(14)-C(15) distance of 1.357(4) A and long N(4)-C(15) 
distance of 1.395(4) A. These features are similar to those of the molecular structures 
of [Li{N(SiMe3)C(R)C(H)(C5H4N-2)}]2 (R = Ph, Bu')/^  Li(3) atom is bound to both 
amido nitrogen and pyrazyl nitrogen atoms (E). Within the planar N C C C N ring, the 
lithium atom is 0.71 A out of this plane, and the two C-C (1.419(5) and 1.391(5) A) 
and C-N (1.368(4) and 1.329(5) A) bond lengths in the backbone, showing that some 
extent of bond delocalization is present in the N C C C N fragment. Similar 
delocalization within the N C C C N fragment are found in similar compounds.'^ The 
Li-N bond distances are in the normal range for the Li-N (amido) bonds of 
1.895-2.087 A).33’35，37，45 
The N(2)C(4)C(5)C(6)N(3) plane is almost coplanar with the pyrazyl ring with a 
distance of 0.45 A and an angle of 10.0。out of the pyrazyl plane. The 
N(1)C(3)C(14)C(15)N(4) plane is slightly deviated from the pyrazyl plane with the 
distance and angle of 1.48 A and 35.6。’ respectively. 
Figure 1.4 Molecular structure of [Lij{{N(SiMe3)C(Bu'X^(H)}2C4H2N2-2,3} 
(THF)2]2 (1). 
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Table 1.1 Selected bond distances ( A ) and angles (deg) for compound 1. 
N(l)-Li(l) 1.998(7) N(6)-Li(2) 1.995(7) 
N(4)-Li(l) 2.060(7) N(7)-Li(2) 2.053(7) 
N(7)-Li(l) 1.971(7) N(4)-Li(2) 1.993(7) 
N(2)-Li(3) 1.987(8) N(3)-Li(3) 2.062(9) 
C(3)-C(14) 1.456(5) C(4)-C(5) 1.419(5) 
C(14)-C(15) 1.357(4) C(5)-C(6) 1.391(5) 
C(15)-N(4) 1.395(4) C(6)-N(3) 1.329(5) 
C(l)-C(2) 1.345(5) C(3)-C(4) 1.442(5) 
N(1>C(3) 1.339(4) N(l)-C(l) 1.358(4) 
N(2)-C(2) 1.335(5) N(2)-C(4) 1.368(4) 
Li(2)-N(4)-Li(l) 74.5(3) Li(l)-N(7)-Li(2) 75.2(3) 
N(7)-Li(l)-N(4) 105.4(3) N(4)-Li(2)-N(7) 104.9(3) 
N(7)-Li ⑴-N(l) 154.0(4) N(4)-Li(2)-N(6) 155.5(4) 
N(l)-Li(l)-N(4) 100.2(3) N(6)-Li(2)-N(7) 99.3(3) 
0(2)-Li(3)-N(2) 107.7(4) 0(2)-Li(3)-N(3) 109.3(4) 
0(2)-Li(3)-0(l) 99.4(4) 0(1)-Li(3)-N(3) 140.0(4) 
N(2)-Li(3)-0(1) 99.0(4) N(2)-Li(3)-N(3) 98.2(4) 
N(4)-C(15)-C(14) 124.7(3) N(3)-C(6)-C(5) 123.5(4) 
C(15)-C(14)-C(3) 128.1(3) C(6)-C(5)-C(4) 133.9(3) 
C(14)-C(3)-N(l) 119.4(3) C(5)-C(4)-N(2) 121.7(3) 
C(4)-C(3)-N(l) 121.0(3) C(3)-C(4)-N(2) 118.8(3) 
C(3)-N(l)-C(l) 117.8(3) C(4)-N(2)-C(2) 117.1(3) 
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1.3.2. Preparation and Characterization of Pyrazyl-Linked Bis(l-Aza-Allyl) 
Di-Sodium and Di-Potassium Complexes 
1.3.2.1. Preparation of Pyrazyl-Linked Bis(l-Aza-AIIyl) Di-Sodium complex 
|Na2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2^}(THF)2l2 (2) and Di-Potassium complex 
|K2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}(THF)3l2(3) 
Metal-exchange reactions between compound 1 and four equivalents of Bu'ONa 
or Bu'OK in hexane at 0 °C led to the formation of orange crystalline di-sodium 
derivative [Na2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}(THF)2]2 (2) and di-potassium 
[K2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}(THF)3]2 (3) in 62.9 and 53.9 % yields, 
respectively (Scheme 1.5). 
Scheme 1.5 
Bu' Bu' 
/ 一〈 厂 Bu' Bu' 
— U H ; 〜 / v > v v f (,) K ^ 
TH,、™ 乂 — —〔 /〕沙 : T 
./ L 一 」2 
1 M = Na,n = 2,2; 
M = K，n = 3’3 
Reagents and Conditions: (i) 4 Bu'OM, hexane, 0 "C, 12 h, recrystallized from THF/toluene (for 2) or THF (for 3) 
1.3.2.2. Physical and Spectroscopic Properties of Complexes 2 and 3 
Compound 2 and 3 are orange crystals and extremely sensitive towards air and 
moisture. They are soluble in THF and EtzO, while the solubility in toluene and 
saturated hydrocarbons is low. Compounds 2 and 3 become darkened and decompose 
at temperature above 180 and 270。C, respectively. Compound 2 was characterized 
by N M R spectroscopy, elemental analysis and X-ray crystallography while compound 
3 was characterized by N M R spectroscopy and X-ray crystallography. No elemental 
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analysis result of compound 3 was obtained, which was due to the extremely 
air-sensitive nature of the compound. 
The ^ H and ^ C^ N M R spectra of 2 and 3 are similar to those of 1, showing the 
corresponding signals of SiMe? and Bu' groups, methine and pyrazyl protons as 
singlets. A comparison of the chemical shifts in the N M R spectra of the three 
compounds is shown in Table 1.2. In all the spectra, one set of ligand resonances was 
observed, suggesting that the aza-allyl side chains are symmetrically equivalent. 
Table 1.2 Comparison of chemical shifts in the ^ H N M R spectra of compounds 1-3. 
Compound Chemical shifts in the ^ H N M R spectra 
SiMe^ CMes CH C4//2N2 
i 0 6 ^ ^ 
2 0.31 1.38 5.96 7.13 
3 0.31 1.50 5.92 7.37 
1.3.2.3. Molecular Structures of Complexes 2 and 3 
A perspective ORTEP drawing of the molecular structure of compound 2 is 
shown in Figure 1.5. Selected bond distances and angles are listed in Table 1.3. 
Crystallographic data collection and structure refinement are summarized in 
Appendix II. 
Compound 2 is a dimer in the solid state. The two sodium atoms are in different 
environments. One sodium atom is bridged to two p-diketinimato backbones of 
different ligands in a sandwich-like manner. The other sodium atom is bound bind to 
two coordinated THF molecules and one P-diketinimato fragment. The represented 
structure of compound 2 is shown in Figure 1.6. 
Na(l) atom is coordinated to two N C C C N backbones of different ligands. The 
16 
average Na(l)-C and Na(l)-N distances are 2.974 and 2.437 A, respectively. Na(2) 
atom is bound to two THF molecules and one N C C C N fragment of the ligand. The 
C6 
Figure 1.5 Molecular structure of [Na2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3} 
(THF)2]2 (2). 
average Na(2)-C and Na(2)-N distances are 2.947 and 2.388 A, respectively. Overall, 
the average Na-C distance of 2.965 A which is slightly longer than that in 
[Na(Ti'-CHPh2)(PMDTA)] of 2.843 A'' or in [Na(ii'-C5H4R)(THF)]oo (R = 
(+)-neomenthyl) of 2.771 入彳？ indicates that the fragment can be rendered as a 
six-electron donor with some extent of jc-interaction (H). The average Na-N distance 
of 2.420 A is comparable with that in 1,3,5,7-tetraazaheptatrienylsodium of 2.434 人々 8 
and in [Na{N(SiMe3)2}] of 2.355 A^ .^ 
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In compound 2, the two N C C C N backbones of the ligand are nearly coplanar 
with the pyrazyl ring, with the deviations of 0.52 人 and 11.6 。 in 
N(1)C(1)C(2)C(7)N(2) plane and of 0.31 A and 6.9 ° in N(3)C(8)C(11)C(12)N(4). 
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Figure 1.6 Represented structure of [Naz {{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3} 
(THF)2]2 (2). 
The trans conformation of Na(2) and Na(2'), existing in an opposite sides of the 
N C C C N moiety, is certainly to minimize the sterical crowding in the ligands.^ ®'^ ' 
Table 1.3 Selected bond distances (A) and angles (deg) for compound 2. 
Na(l)-N(l) 2.383(2) Na(l)-N(4') 2.440(2) 
Na(l)-C(l) 2.817(2) Na(l)-C(12') 2.924(2) 
Na(l)-C(2) 3.063(2) Na(l)-C(ll，） 3.061(2) 
Na(l)-C(7) 3.038(2) Na(l)-C(8') 2.939(2) 
Na(l)-N(2) 2.394(2) Na(l)-N(3') 2.529(2) 
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Na(2)-0(1) 2.298(2) Na(2)-C(8') 2.939(2) 
Na(2)-N(3') 2.351(2) Na(2)-C(ir) 3.018(2) 
Na(2)-N(4') 2.424(2) Na(2)-C(12') 2.883(2) 
C(7)-C(2) 1.437(3) C(8)-C(l 1) 1.443(3) 
C(2)-C(l) 1.385(3) C(ll)-C(12) 1.389(3) 
C(l)-N(l) 1.320(3) C(12)-N(4) 1.351(3) 
C(7)-C(8) 1.462(3) C(9)-C(10) 1.340(3) 
N(2)-C(7) 1.344(3) N(2)-C(10) 1.344(3) 
N(3)-C(8) 1.346(2) N(3)-C(9) 1.355(3) 
N(l)-Na(l)-N(2) 77.32(7) N(3')-Na(l)-N(4') 75.68(7) 
N(3')-Na(2)-N(4') 79.33(7) 0(l)-Na(2)-0(2) 104.94(10) 
N(l)-C(l)-C(2) 128.0(2) N(4)-C(12)-C(ll) 124.53(19) 
C(l)-C(2)-C(7) 129.8(2) C(12)-C(l 1)-C(8) 133.69(19) 
C(2)-C(7)-N(2) 119.56(19) C(11)-C(8)-N(3) 120.44(18) 
C(8)-C(7)-N(2) 119.19(17) C(7)-C(8)-N(3) 119.39(17) 
C(7)-N(2)-C(10) 118.62(19) C(8)-N(3)-C(9) 118.21(18) 
Symmetry transformations used to generate equivalent atoms: 
#1 -x,-y+l’-z 
The molecular and represented structures of compound 3 are shown in Figure 1.7 
and 1.8, respectively. Selected bond distances and angles are listed in Table 1.4. 
Compound 3 is dimeric in the solid state. The structural features of this 
di-potassium compound are similar to those of the di-sodium compound 2. It consists 
of two different potassium environments. K(l) atom is coordinated to three THF 
molecules and one N C C C N fragment and K(2) atom is bound to two N C C C N 
moieties of different ligands. One more THF molecule found in the potassium atom 
when compared with its sodium analogue is due to a larger and more electropositive 
metal center. The average K-C distance of 3.222 人 is slightly longer than that in 
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[K{Ti^ -C5H4(SiMe3)}]ao of 3.027 P or in [K(Ti^.C5H4R)(DME)]ao (R = 
(+)-neomenthyl) of 3.080 indicating rc-interaction between anionic ligands and 
potassium ions (H). The average K-N distance (2.788 A) is similar to that in 
[{{K{2-C5H4N(NSiMe3)}(l 2-crown-4)}2} •2PhMe] (2.870 kf and 
[{K{N(SiMe3)2}}2] (2.787 A)54 
C52 
稱 
Figure 1.7 Molecular structure of [K2{ {N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}(THF)3]2 
(3). 
The two N C C C N fragments are slightly deviated from the pyrazyl ring by 
distances and angles of 0.36 A and 8.1。(N(1)C(1)C(2)C(3)N(2) plane) and 0.71 A 
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and 16.1。(N(3)C(6)C(7)C(8)N(4) plane). K(l) and K(2) are 2.22 and 2.35 A out of 
the N C C C N moiety. The distance of the metal atom deviated from the plane in 3 is 
longer than the corresponding distances in 2. Also, the mean bond angle of N-K-N 
(65.70 in 3 is smaller than the corresponding angle in 2 (N-Na-N, 77.44 These 
indicate that the ionic interactions of the central metal atom with the ligand decrease 
from Na to K because of the difference in atomic sizes. Similar to compound 2，the 
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Figure 1.8 Represented structure of [K2{{N(SiMe3)C(Bu')C(H)}2 
C4H2N2-2，3}(THF)3]2 (3). 
Overall, compounds 2 and 3 show that the charges within the two 1-aza-allyl 
fragments are more or less delocalized along the pyrazyl ring, demonstrating that the 
pyrazyl-linked bis( 1-aza-allyl) ligands carry the properties of an open 
heteropentadienyl ligand and have a potential to be good alternatives of 
cyclopentadienyl ligands. 
21 
Table 1.4 Selected bond distances ( A ) and angles (deg) for compound 3. 
K(l)-0(3) 2.768(6) K(l)-C(l) 3.257(6) 
K(l)-N(l) 2.851(5) K(l)-C(2) 3.356(2) 
K(l)-N(2) 2.766(5) K(l)-C(3) 3.269(6) 
K(2)-N(3) 2.716(6) K(2)-N(2') 2.808(6) 
K(2)-C(6) 3.331(6) K(2)-C(3') 3.104(6) 
K(2)-C(7) 3.291(6) K(2)-C(2') 3.231(6) 
K(2)-C(8) 3.018(6) K(2)-C(r) 3.145(6) 
K(2)-N(4) 2.764(5) K(2)-N(r) 2.823(5) 
C(6)-C(7) 1.414(7) C(3)-C(2) 1.445(7) 
C(7)-C(8) 1.383(8) C(2)-C(l) 1.397(7) 
C(8)-N(4) 1.333(7) C(l)-N(l) 1.329(7) 
C(3)-C(6) 1.461(7) C(4)-C(5) 1.332(8) 
N(2)-C(3) 1.332(7) N(2)-C(4) 1.346(7) 
N(3)-C(5) 1.344(8) N(3)-C(6) 1.350(7) 
N(l)-K(l)-N(2) 64.80(14) 0(5)-K(l)-0(6) 82.9(3) 
N(3)-K(2)-N(4) 67.67(16) N(r)-K(2)-N(2') 64.64(14) 
N(l)-C(l)-C(2) 124.0(5) N(4)-C(8)-C(7) 129.3(6) 
C(l)-C(2)-C(3) 132.7(6) C(8)-C(7)-C(6) 131.3(6) 
C(2)-C(3)-N(2) 120.5(5) C(7)-C(6)-N(3) 118.9(5) 
C(6)-C(3)-N(2) 119.9(5) C(3)-C(6)-N(3) 118.5(5) 
C(3)-N(2)-C(4) 119.0(5) C(5)-N(3)-C(6) 117.9(5) 
Symmetry transformations used to generate equivalent atoms: 
#1 -x+2, -y+1, -z+1 
22 
1.4. Experimental Section 
Materials: Bu"Li, Bu'ONa, Bu'OK, McsSiCl and MesSiN? were purchased from 
Aldrich and used without further purification. 2,3-dimethylpyrazine was purchased 
from Aldrich and distilled from K O H before use. B u t N and T M E D A were 
purchased from Aldrich and were used after drying with molecular sieve (4 A). 
(CH2SiMe3)2C4H2N2-2,3 was prepared according to reported procedure.'^ ^ 
Preparation of [Li2{{N(SiMe3)C(Bu')C(H)}2C4H2Nr2r3}(THF)2l2 (1)： 
To a solution of (CH2SiMe3)2C4H2N2-2’3 (2.65 g, 10.49 mmol) in THF (50 ml) at -78 
。C, was added dropwisely Bu"Li (13.8 ml, 22.00 mmol, 1.6 M solution in hexane). 
After stirring at room temperature for 5 h, B u t N (2.4 ml, 21.70 mmol) was added 
gradually to the reaction mixture at 0。C. It was allowed to stir at room temperature 
for 12 h and became a clear deep red solution. Concentration of the solution yielded 1 
as red crystals (5.45 g, 90.4 %); Anal. Calcd (%) for C6oHn2Li4N804Si4： C 62.68, H 
9.82, N 9.74; found: C 62.37, H 9.90，N 10.01; N M R (300 MHz, CeDe.CsDsN = 
2:1，25。C): 5 (ppm) = 0.29 (s, 18H，SiMesX 1.36 (s, 18H, CMes), 1.39-1.44 (m, 4H, 
THF), 3.48-3.52 (m, 4H, THF), 6.09 (s, 2H, CH), 6.98 (s, 2H, C4//2N2); 
N M R (75.5 MHz, CeD^iCsDsN = 2:1, 25 °C)： 5 (ppm) = 5.88 (SiMes), 25.69 (CMe,), 
31.58 (CMes), 41.69 (THF), 67.73 (THF)，94.00 (CH), 129.71 (CBu,)’ 154.52, 176.33 
(QH2N2). 
Preparation of (Na2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}(THF)2|2 (2): 
To a deep red suspension ofl (1.37 g, 1.19 mmol) in hexane (30 ml), Bu'ONa (0.46 g, 
4.79 mmol) was added gradually at 0。C. The reaction mixture was continuously 
stirred at room temperature for 12 h and became a bright red suspension. After 
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filtration and removal of the solvent in vacuo, the residue was recrystallized from 
THF/toluene and afforded 2 as red crystals (0.91 g, 62.9 %); Anal. Calcd (%) for 
C6oHn2N8Na404Si4： C 59.37, H 9.30, N 9.23; found: C 59.12, H 8.99, N 9.42; ^ H 
N M R (300 MHz, CeDeiCsDsN = 2:1, 25。C): 5 (ppm) = 0.31 (s, 18H, SiMe^X 1.38 (s， 
18H, CMesX 3.46-3.50 (m, 4H，THF), 5.96 (s, 2H, CH), 7.13 (s, 2H, C4//2N2); 
N M R (75.5 MHz, CgDeiCsDsN = 2:1,25。C): 5 (ppm) = 3.50 (SiMes), 25.68 (CMcs), 
31.13 (CMes), 41.11 (THF), 67.70 (THF), 93.08 (CH), 131.74 (CBu% 158.21, 177.54 
( C 湖 2). 
Preparation of【K2{{]V(SiMe3)C(Bu')C(H)}2C4H2N2-2，3}(THF)3h (3): 
To a deep red suspension of 1 (1.92 g, 1.67 mmol) in hexane (30 ml), Bu'OK (0.79 g, 
7.04 mmol) was added slowly at 0 °C. The reaction mixture was then stirred at 
ambient temperature for 12 h and became a bright orange suspension. After filtration, 
the solvent was removed in vacuo and the residue was recrystallized from THF 
obtained 3 as red crystals (1.42 g, 53.9 %); ^ H N M R (300 MHz, CgDgiCsDsN = 2:1, 
25 °C)： 6 (ppm) = 0.31 (s, 18H, SiMes), 1.39-1.44 (m, 4H, THF),1.50 (s, 18H, CMes), 
3.47-3.52 (m, 4H, THF), 5.92 (s, 2H, CH), 7.37 (s, 2H, C4//2N2); N M R (75.5 
MHz, CeDe.CsDsN = 2:1, 25 °C): 6 (ppm) = 3.78 (S減j), 25.68 {CMq^\ 31.18 
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CHAPTER 2 
SYNTHESES AND CHARACTERIZATIONS OF 
PYRAZYL-LINKED BIS(l-AZA-ALLYL) GROUP 2 AND 12 
METAL COMPLEXES 
2.1. Introduction 
2.1.1. A General Review of Group 2 Metal Complexes containing Bis(Amido) 
Ligands 
The 1-aza-allyl and y^ -diketiminato ligands have widely been employed in 
transition metal chemistry where the catalytic activities for various olefin 
polymerization have been extensively investigated. 口 In recent years, magnesium 
1-aza-allyls and /f-diketiminates have begun to receive increasing attention, driven by 
the differing selectivities and reactivities of these systems achieved by variation of the 
steric and electronic properties of the nitrogen substituents or carbon backbone. For 
examples, Raston and coworkers have reported the synthesis of thermally stable 
C,A^ -chelating [{Mg(C(SiMe3)2(C5H4N-2))}2] via metalation of CH(SiMe3)2C5H4N-2 








Recently, monomeric four-coordinate planar magnesium complexes 
1 1 
[Mg{N(SiMe3)C(Bu')C(H)(SiMe3)h] and [Mg({N(SiMe3)C(Ph)}2CH)2] have been 
derived from the bis(trimethylsilyl)methyl ligand (Scheme 2.2 and 2.3)/ 
Scheme 2.2 
Si Meg SiMeg 
MgBr2 /》\ 
2 |K{N(SiMe3)C(Bu')C(H)(SiMe3)}„] • B u ' — — < T Mg V>——Bu^ 




Ph SiMe3 Ph SiMea SiMeg ph 
众 b q 
Ph SiMea ^ Ph SiMeg SMe^ Ph 
Bailey and coworkers have reported some nitrogen-ligated organomagnesium 
compounds such as rare three-coordinate [MeMg { A r 'NCBu^)2CH} f, tetrahedral 
[MeMg{;/2-(ArNCMe)2CH}THF]6, methyl bridged dimeric 
[{(//-Me)Mg(Ar'NCMe)2CH}2f and cyclic hexanuclear 1,3-allyl bridged 
[{HC(Ar'NCBu%Mg(C3H5)}6]^(Ar' = 2,6-diisopropylphenyl) (Figure 2.1). 
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Figure 2.1 
R Ar^  r R Ar" 一 
^ A, / L 
_ Af 6 
R = Bu', Ar' = 2,6-diisopropyIphenyl, L = 0; R = Bu', Ar, = 2,6-diisopropylphenyl 
R = Me, Ar' = 2,6-diisopropylphenyl, L = THF 
⑵ 7 
A better understanding of structural and bonding parameters in these systems is 
fundamental to delineating the factors responsible for the development of new 
application of such species. Magnesium y^ -diketiminates compounds such as 
[{MgL(//-0Pr'2)hf and [MgL(OBu')(THF)]' (L = [{N(C6H3Pr'2-2，6)C(Me)hCH]) 
have been demonstrated to be an active catalyst for the living polymerization of 
lactide (Figure 2.2). The substituents on the ligand exert a significant effect on the 
process of polymerizations, influencing both the degree of stereoselectivity and the 
rate of polymerization. 
Figure 2.2 
B e 
Ar* Ar' / ^ 
Ar' = 2,6-diisopropylphenyl 
131' ‘ 1419 
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2.1.2. A General Review of Group 12 Metal Complexes containing Bis(Amido) 
Ligands 
Early works on the study of structures and reactivities of group 12 metal 
bis(amides) have not been explored extensively. The first reported compounds of 
group 12 metal 1-aza-allyls were [{]\)l{C(SiMe3)2(C5H4>I[-2)} h] ( M = Zn, Cd or Hg) 
151.3 
SiMea 
M = Zn, Cd orHg 
MegSi 
151' 
The zinc and cadmium compounds having a distorted tetrahedral environment 
are isostructural with the magnesium analogue, however, two-coordinate linear 
mercury compounds were frequently observed. The structural data indicate that the 
dative M-N bond weakens progressively down the group, reflecting the relative 
hard-soft character of M。. (M = Mg, Zn, Cd or Hg). 
In recent years, zinc ^ -diketiminates have largely been studied because of their 
potential to be living single-site catalysts for both the ring-opening polymerization of 
lactide and the copolymerization of cyclohexene oxide and carbon dioxide.^ '^ '^^  




Ar. Ar- / 似, 







Ar' = 2,6-diisopropylphenyl, R^ = Me, CF3 or Pr', R^ = Ph, Pr' or Bu' 
【8|i3 
In contrast to zinc amides, development of the amido chemistry of cadmium and 
mercury is poorly defined. It may be due to the weak acceptor properties of softer 
cadmium and mercury centers, making their adducts more susceptible to undergo 
cleavage than those of zinc. 
In this chapter, the syntheses and structures of bis(amides) of magnesium and 
zinc and attempts to prepare the analogous cadmium and mercury compounds will be 
reported. Structural comparison of the synthesized compounds will also be presented. 
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2.2. Results and Discussion 
2.2.1. Preparation and Characterization of Pyrazyl-Linked Bis(l-Aza-Allyl) 
Di-Magnesium Complex 
2.2.1.1. Preparation of Pyrazyl-Linked Bis(l-Aza-AIIyl) Di-Magnesium 
Complex [Mg2{{N(SiMe3)C(Bu')C(H)}2C4H2Nr2^}Br2(THF)4l (4) 
The first attempt to treat di-lithium compound 1 with two equivalents of 
MgBr2(Et20) was unsuccessful. However, treatment of compound 1 with four 
equivalents of MgBr2(Et20) in Et�。afforded a reddish-orange residue. THF solution 
was used to extract the product from the residue, followed by concentration and 
cooling of the dark red oily solution yielded [Mg2{{N(SiMe3)C(Bu')C(H)}2-
C4H2N2-2，3}Br2(THF)4] (4) as dark red crystals in 61.4% yield. 
Scheme 2.4 
) a/ 
< W u \ / \ (i) y p ^ 
Mep—N J—\ awe, T H F A - V 
/ \ T H F Br THF 
a/ Bi/ 
1 4 
Reagents and Conditions: (i) 4 MgBrjCEtzO), EtjO, 0°C, Id, recrystallized from THF 
2.2.1.2. Physical and Spectroscopic Properties of Complex 4 
Di-magnesium compound 4 is an air- and moisture-sensitive reddish-orange 
crystalline solid. It is soluble in THF and moderately soluble in Et20 but insoluble in 
saturated hydrocarbons. It has a melting point at 132.8-134.9 °C. It has been 
characterized by its N M R spectra and elemental analysis, and the single-crystal X-ray 
structure has been determined. 
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The ^H N M R spectrum of 4 displayed three sharp singlets at 6 0.12, 1.30, and 
6.10 ppm, assignable to the SiMes, Bu', and methine protons, respectively. The 
chemical shifts of these three groups of protons are similar to those in 1, however, the 
pyrazyl proton of 4 showed at 6 9.38 ppm was much deshielded than that in 1. Protons 
attached to CN group are more deshielding, and it can also be found in the 
five-coordinate magnesium compounds [{Mg(salen)}2] (Hasalen = 
A^ ,A^ '-ethylenebis(saIicyIideneimine)) (5 10.10 ppm) and [{Mg(salphen)}2] (H2salen = 
o-phenylenebis(salicylideneimine)) (6 9.90 ppm)」* The ^^ C N M R spectrum was 
consistent with the proposed structure. 
Elemental analysis was consistent with the respective empirical formula with the 
elimination of one THF molecule. 
2.2.1.3. Molecular Structure of Complex 4 
The molecular structure of compound 4 is shown in Figure 2.4. The selected 
bond distances and angles are given in Table 2.1. 
Compound 4 is monomelic with a C2 symmetry in the solid state. The 
five-coordinate magnesium atom is in a distorted trigonal bipyramidal geometry. The 
chelating pyrazyl nitrogen atom and THF molecule are in axial positions while 
equatorial sites are occupied by the chelating amido nitrogen atom, THF molecule, 
and the bromine atom. The y9-diketiminato system thus formed span equatorial and 





Figure 2.4 Molecular structure of [Mg2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}-
Br2(THF)4] (4). 
Structural data show that the L(ax)-Mg-L(ax) angle is 171.7(2)。, 
L(eq)-Mg-L(eq) angles are in the range of 103.11(13) to 135.79(14)。，and 
L(eq)-Mg-L(ax) angles are in the range of 85.48(18) to 94.78(12)。. These data 
indicated the geometry of compound 4 is slightly distorted from an ideal trigonal 
bipyramid. 
Mg(l) is //^ -bonded to the ligand through the chelating amido and the pyrazyl 
nitrogen atoms. The y?-diketiminato part is slightly deviated from ideal planarity, and 
the magnesium metal is 1.45 A deviated from the N C C C N plane. The C-C bond 
lengths (1.438(7) and 1.366(7) A) and C-N bond lengths (1.349(6) and 1.376(6) A) 
may indicate some degree of delocalization (F). The bond distances of dative 
Mg(l)-N(l) (2.197(4) A) and covalent Mg(l)-N(2) (2.066(4) A) are slightly longer 
I 1 
than those in [Mg{N(SiMe:0(CH2)3N(Me2)}2] (2.188 and 1.985 人尸 and 
[Mg(N(8-quinolyl)(SiMe3))2] (2.100 and 1.998 入广.The N-Mg-N chelate bite angle 
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is 85.94(16) °，which is moderately smaller than the corresponding angles in other 
magnesium /f-diketiminato compounds.'*"^  Therefore, the bond distances and angles 
clearly indicate that the five-coordinate magnesium atom is sterically crowded. 
The N C C C N planes are somewhat deviated from the pyrazyl backbone with a 
distance of 1.24 A and an angle of 29.8。. 
Table 2.1 Selected bond distances (A) and angles (deg) for compound 4. 
Mg(l)-N(l) 2.197(4) Mg(l>N(2) 2.066(4) 
Mg(l)-0(1) 2.100(4) Mg(l)-0(2) 2.114(4) 
Mg(l)-Br(l) 2.5293(18) C(2)-C(3) 1.438(7) 
C(3)-C(4) 1.366(7) C(4)-N(2) 1.376(6) 
C(l)-C(r) 1.345(10) C(2)-C(2') 1.450(9) 
N(l)-C(l) 1.342(6) N(l)-C(2) 1.349(6) 
N(l)-Mg(l)-N(2) 85.94(16) N(l)-Mg(l)-0(2) 171.7(2) 
N( 1 )-Mg( 1 )-Br( 1) 94.78( 12) N( 1 )-Mg( 1 )-0( 1) 88.05(16) 
0(2)-Mg(l)-0(l) 85.48(18) 0(2)-Mg(l)-Br(l) 91.81(15) 
0(2)-Mg( 1 )-N(2) 92.90( 17) Br( 1 )-Mg( 1 )-N(2) 135.79(14) 
0(1)-Mg(l)-N(2) 121.08(17) 0(1)-Mg(l)-Br(l) 103.11(13) 
N(2)-C(4)-C(3) 123.7(4) C(4)-C(3)-C(2) 125.3(5) 
C(3)-C(2)-N(l) 120.8(4) N(l)-C(2)-C(2') 119.1(2) 
C(2)-N(l)-C(l) 119.1(4) C(3)-C(2)-C(2') 120.1(3) 
Symmetry transformations used to generate equivalent atoms: 
#1 —x+l，-y,z 
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2.2.2. Preparation and Characterization of Pyrazyl-Linked Bis(l-Aza-AIIyl) 
Lithium Zincate Complex 
2.2.2.1. Preparation of Pyrazyl-Linked Bis(l-Aza-Allyl) Lithium Zincate 
Complex [Zn2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2^}Cl2(|i-CI)2Li2(THF)6] (5) 
Treatment of di-lithium compound 1 with four equivalents of ZnCb in EtzO, 
followed by recrystallization from THF solution, afforded the zwitterionic lithium 
zincate [Zn2{{N(SiMe3)C(Bu)C(H)}2C4H2N2-2,3}Cl2(fi-Cl)2Li2(THF)6] (5) as 
orange-red crystals in 89.8 % high yield (Scheme 2.5). Attempted to remove LiCl and 
THF by sublimation was not successful, due to the thermal decomposition. On the 







Reagents and Conditions: (i) 4 ZnCI!，EtjO, 0。C’ 12 h’ recrystallized from THF 
Heterobimetallic complexes in which an alkali-metal center counteracts the 
negative charge placed on a group 12 metal have been reported/^  Examples include 
lithium zincates such as [{Li(TMEDA)}2Zn{(CH2)„}2] (n = 4，5), lithium and sodium 
cadmates such as [Li(THF)4]+[Li(THF)2 {(^ i-Cl)CdC(SiMe3)3(^ i-a)} J and 
[KCd{0C(NHP0NS(0)2Ar}3], and lithium mercurates such as 
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[Li]+[(HgC2BioR9)4Cl]- (R = H, alky, aryl)" Metals are capable of forming 
complexes with anionic fragments, attributing to their Lewis acidity by virtue of the 
vacant orbital at the metal center. 
2.2.2.2. Physical and Spectroscopic Properties of Complex 5 
The reddish-orange crystalline solid of compound 5 is extremely air- and 
moisture-sensitive. It is soluble in THF and Et20 but only sparingly soluble in hexane. 
The melting point of 5 is 97.1-99.6 °C. It was characterized by N M R spectroscopy, 
elemental analysis and X-ray crystallography. 
In the and '^ C N M R spectra of 5, singlets for the SiMes, Bu', CH, and 
pyrazyl groups were in the normal range. One set of signals due to the 1-aza-allyl side 
chains was observed. It was consistent with its solid-state structure in which the 
chemical environments of the two ligand side chains were symmetrical and 
equivalent. 
The elemental analysis results agreed with the respective empirical formula with 
the loss of four solvated molecules. 
2.2.2.3. Molecular Structure of Complex 5 
The molecular structure of compound 5 is illustrated in Figure 2.5 and the 
selected bond distances and angles are given in Table 2.2. 
Compound 5 has a C2 symmetry. The four-coordinate zinc atom adopts a 
distorted tetrahedral geometry. This is due to the observed N-Zn-N chelate bite angle 
of 93.43(12) deviates considerably from the ideal tetrahedral angle of 109.5 
The six-membered chelate ring deviates from planarity with the zinc atom 
departed from the N C C C N plane by a distance of 1.08 A. The C-C and C-N bond 
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lengths within the N C C C N fragment indicates some extent of delocalisation (F). The 
anionic Zn(l)-N(l) bond distance of 1.969(3) A falls into the range of 
1.940(4)-2.159(3) A in similar reported s y s t e m s . T h e neutral Zn(l)-N(2) bond 
distance of 2.038(3) A represents relatively short interactions, when compared with 
the corresponding distances for other dative zinc-nitrogen bonds (2.070(4)-2.113(3) 
A) 16,18-20 The distance of Zn(l)-Cl(l) (2.3162(15) A) is much longer than Zn(l)-Cl(2) 
(2.2196(13) A), possibly due to the coordination of Cl(l) to Li(l). The lithium atom is 
linked to the zinc metal by a bridging chlorine atom and the other sites in the 
coordination spheres are filled by three solvated THF molecules. Based on the 
structural data, four-coordinate Li(l) atom is observed in a slightly distorted 
tetrahedral environment. 
C2r ^ t o 
Figure 2.3 Molecular structure of [Zn2{ {N(SiMe3)C(Bu')C(H)}2C4H2N2-2,3}-
Cl2([i-Cl)2Li2(THF)6] (5). 
The two N C C C N planes are slightly deviated from the pyrazyl ring in the 
opposite way with a distance of 0.92 A and an angle of 21.3 
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Table 2.2 Selected bond distances ( A ) and angles (deg) for compound 5. 
Zn(l)-N(l) 1.969(3) Zn(l)-N(2) 2.038(3) 
Zn(l)-Cl(l) 2.3162(15) Zn(l)-Cl(2) 2.2196(13) 
Li(l)-Cl(l) 2.317(9) Li(l)-0(2) 1.909(11) 
Li(l)-0(3) 1.923(11) C(2)-C(3) 1.432(5) 
C(3)-C(4) 1.367(5) C(4)-N(l) 1.369(5) 
C(l)-C(r) 1.349(7) C(2)-C(2') 1.443(7) 
N(2)-C(l) 1.361(5) N(2)-C(2) 1.350(4) 
N(l)-Zn(l)-N(2) 93.43(12) N(l)-Zn(l)-Cl(l) 108.05(10) 
N( 1 )-Zn( 1 )-Cl(2) 130.08( 10) N(2)-Zn( 1 )-Cl( 1) 104.66(10) 
N(2)-Zn(l)-Cl(2) 110.18(10) Cl(l)-Zn(l)-Cl(2) 107.39(6) 
0(2)-Li( 1 )-Cl( 1) 114.4(5) 0(3)-Li( 1 )-CI( 1) 113.4(5) 
0(4)-Li ⑴-Cl(l) 106.4(4) 0(2)-Li ⑴-0(3) 110.8(5) 
0(2)-Li ⑴-0(4) 105.1(5) 0(3)-Li(l)-0(4) 105.9(5) 
N ⑴-C(4)-C(3) 123.2(3) C(4)-C(3)-C(2) 129.7(4) 
C(3)-C(2)-N(2) 119.2(3) N(2>C(2)-C(2') 119.6(2) 
C(2)-N(2)-C(l) 118.7(3) C(3)-C(2)-C(2') 121.1(2) 
Symmetry transformations used to generate equivalent atoms: 
#1 -X，-y, -z+3/2 
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2.2.3. Preparation and Characterization of Unexpected Cyclization Compound 
2.2.3.1. Preparation of Unexpected Cyclization Compound 
I 1 
[{Me2Si{NC(Bu')C(H)}}2C4H2N2-2,3] (6) 
Attempts to synthesize the analogous cadmium compound by reacting compound 
1 with two or four equivalents of CdC^ were not successful. However, the reaction of 
compound 1 with four equivalents of CdCl2 afforded the cyclization product 
[{MezSi{NC(du')C(H)} }2C4H2N2-2,3] (6) in moderately high yield (86.7 %) (Scheme 
2.6). After standing for about 30 days, some black solids were precipitated out, which 
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Reagents and Conditions: (i) 4 CdCIj, EtjO, 0 °C, 1 d, recrystallized from THF 
The formation of the silicon heterocyclic compound 6 was resulted from the 
formation of a new Si-N bond and cleavage of the Si-C bond. It was also found that 
aromaticity of pyrazyl ring was diminished. The driving force is presumably an 
intramolecular ring closure by a silicon atom rather than a softer cadmium atom. 
Similar result has been reported by Raston and coworkers in 1991.^ ^ The proposed 
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2.2.3.2. Physical and Spectroscopic Properties of Complex 6 
Compound 6 is a bright orange crystalline solid with a melting point of 
240.2-243.3 °C. It is soluble in THF but less soluble in EtiO and only sparingly 
soluble in saturated hydrocarbons. The N M R and FAB mass spectra are in full 
agreement with the X-ray structure of compound 6. Satisfactory elemental analysis 
results could not be obtained, which was probably due to air-sensitive nature of the 
compound. 
The ^ H N M R spectrum of 6 displayed two singlets for the SiMe2 and Bu' groups 
with the integration ratio of 2:3, which is well agreed with the molecular structure of 
compound 6. The chemical shifts of '^ C N M R spectrum are somewhat different from 
those in compounds 4 and 5，owing to the presence of localized C=C and C=N double 
bonds. 
The mass spectrum displayed peaks at m/z 387 and 405 which were assigned to 
[M + If and [M + 19]+, respectively. 
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2.2.3.3. Molecular Structure of Complex 6 
The molecular structure of compound 6 is shown in Figure 2.6. Selected 
structural data are given in Table 2.3. 
Compound 6 is a silicon-bridged tricyclic species with a slightly distorted 
tetrahedral geometry around the silicon atom. The mean N-Si-N chelate bite angle is 
104.19。and the six-membered rings are nearly planar with a deviation of 1.08 人 
from silicon atom to the N C C C N moiety. The mean bond distance of Si-N (1.743 人） 
is comparable with that found in [Me2Si(/x-N-C9H6N)(/x-N-C9H6N)SiMe2] (1.77 人）.i6 
Structural parameters show that C(2)-C(3) and C(4)-C(5) bond distances are fairly 
short, indicative of C=C double bonds. Both N(l)-C(l) and N(4)-C(6) bond are also 
double bonds in character, noticeable from the comparatively short bond distances of 
1.283(4) and 1.292(4) A respectively. 
\ ^ ~ p ^ ^ 
• • T v H " 
C18 
Figure 2.6 Molecular structure of [{Me2ii{NC(Bu')C(H)} }2。4112、2-2’3] (6). 
The loss of aromaticity of pyrazyl ring is clearly evident from the elongation of 
C(3)-C(4) bond, shortening of C(7)-C(8) bond, and lengthening of four N-C bonds, 
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when compared with the corresponding bond distances of pyrazyl ring in the X-ray 
structures of [{CuBr(2,3-dmp)}n]^ ' and [Cu2(CN)2(2,3-dmp)]22 (2,3-dmp = 
2,3-dimethylpyrazine). 
Table 2.3 Selected bond distances (A) and angles (deg) for compound 6. 
Si(l)-N(l) 1.709(3) Si(l)-N(2) 1.783(3) 
Si(l)-C(17) 1.849(4) Si(l)-C(18) 1.846(4) 
C(3)-C(2) 1.368(4) C(2)-C(l) 1.446(4) 
C(l)-N(l) 1.283(4) C(3)-C(4) 1.495(3) 
N(2)-C(3) 1.387(3) N(2)-C(8) 1.402(4) 
N(l)-Si(l)-N(2) 103.89(12) N(l)-Si(l)-C(17) 112.12(17) 
N( 1 )-Si( 1 )-C( 18) 112.3(2) N(2)-Si( 1 )-C( 17) 109.42( 18) 
N(2)-Si(l)-C(18) �08.25(17) C(17)-Si ⑴-C(18) 110.6(2) 
C(l)-N(l)-Si(l) 122.6(2) C(3)-N(2)-Si(l) 119.9(2) 
C(3)-N(2)-C(8) 118.9(2) C(8)-N(2)-Si(l) 121.0(2) 
N(l)-C(l)-C(2) 123.8(3) C(l)-C(2)-C(3) 125.8(2) 
2.2.4. Attempted Synthesis of Analogous Mercury Complex 
Attempts to prepare the analogous mercury compound by treating HgCb or 
PhHgCl with di-Iithium compound 1 or di-potassium compound 3 in various solvents 
and at different temperatures were unsuccessful. After working up the reaction 
mixture, only a grey precipitate was obtained which was assumed to be metallic 
mercury and no other compound could be isolated and purified. It indicated that the 
alkali-metal compounds acted as a reducing agent rather than a ligand transfer reagent 
that has led to the reduction of mercury(II). 
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2.2.5. Comparison on Structures and Reactivities of Compounds 4-6 
The experimental section has shown that the di-lithium compound 1 with 
magnesium or zinc halide is effective in forming the corresponding magnesium (4) 
and zinc (5) amido compounds. However, analogue reactions with cadmium chloride 
or mercuric chloride led to the unexpected cyclization or metal reduction respectively. 
The latter two phenomena are related to the relatively softer character of Cd^^ and 
Hg2+. Due to the weak acceptor properties of cadmium, the binding of the other 
functional group (such as C- or N- functional groups) with this soft cadmium center is 
more susceptible to dissociation, which is a possible reason to explain the formation 
of cyclized product 6 described in Section 2.2.3. 
Based on the isovalent relationship and the similarity in ionic sizes between 
magnesium and zinc】�’ the parallel behavior between magnesium and zinc chemistry 
was explored in recent years.^''^ '^ '^  According to this study, comparison on structural 
properties of compounds 4 and 5 are summarized in Table 2.4. 
Table 2.4 Structural comparisons of compounds 4 and 5. 
Compound 4 5 
Coordination Number Five Four 
Coordination Geometry Distorted Trigonal Distorted Tetrahedral 
Bipyramidal 
M-Nneut«i ( A ) 2.197(4) 2.038(3) 
M-Nan,omc(A) 2.066(4) 1.969(3) 
N-M-N (deg) 85.94(16) 93.43(12) 
M to N C C C N plane (A) 1.45 1.08 
A higher tendency for magnesium to increase its coordination number can 
explain why the differences in coordination number and geometry between 
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magnesium and zinc. Normally, low-coordination is observed in magnesium only if 
highly crowded ligands are applied , where low-coordinated zinc compounds are 
usually found. Moreover, the Lewis acidity of zinc is lower than that of magnesium. 
Thus, the zinc metal center will not interact with donors (such as THF) as strongly as 
in the case of magnesium. 
The differences in M-N bond distance, metal-to-plane distance and N-M-N 
angle reflect the slightly smaller size of zinc relative to magnesium for metal-ligand 




2.3. Experimental Section 
Materials: Anhydrous MgBr2(Et20), ZnCk, and CdCl： were purchased from Aldrich 
and used without further purification. 
Preparation of [Mg2{{N(SiMe3)C(Bu')C(H)}2C4H2N2-2，3}Br2(THF)4| (4): 
To a solution of MgBr2(Et20) (1.45 g, 5.60 mmol) in EtjO (20 ml) was added a red 
solution of 1 (1.59 g, 1.39 mmol) in Et20 (30 ml) at 0。C. The reaction mixture was 
stirred at room temperature for 12 h. After filtration and removal of the solvent in 
vacuo from the reaction mixture, the residue was recrystallized from THF. 
Concentration and cooling of the filtered solution yielded 4 as red aggregated crystals 
(1.56 g, 61.4 %); m.p. 二 132.8-134.9。C; Anal. Calcd (%) for C34H64Br2Mg2N403Si2 
(4 - THF): C 48.53, H 7.67，N 6.66; found: C 48.64’ H 8.06, N 6.23; ^ H N M R (300 
MHZ, CeDe.CsDsN = 2:1, 25。C): 5 (ppm) = 0.12 (s, 18H, SiMes), 1.30 (s, 18H, 
CMesl 1.40-1.44 (m, 4H, THF), 3.47-3.52 (m，4H, THF), 6.10 (s, 2H, CH), 9.38 (s， 
2H, C4//2N2)； N M R (75.5 MHz, CeDe'.CsDsN = 2:1，25 °C)： 5 (ppm) = 4.22 
(SiA/ej), 25.69 (CMe3)’ 31.54 (CMes), 41.27 (THF), 67.71 (THF), 100.48 (CH), 
153.51, 179.50 (QH2N2). 
Preparation of |Zn2{{]V(SiMe3)C(Bu')C(H)hC4H2N2-2，3}Cl2(|i-Cl)2U2(THF>6| 
(5)： 
A red solution of 1 (1.72 g, 1.50 mmol) in Et20 (30 ml) was added slowly to a 
pre-cooled (0 °C) solution of ZnCl2(0.82 g, 6.02 mmol) in Et】。(20 ml). The reaction 
mixture was stirred at room temperature for 12 h to become orange suspension. After 
filtration, the solvent was removed in vacuo and the residue was recrystallized from 
THF afforded 5 as reddish-orange crystals (3.06 g, 89.8 %); m.p. = 97.1-99.6 t ; 
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Anal. Calcd (%) for C3oH56Cl4Li2N402Si2Zn2 (5-4 THF): C 42.52, H 6.66, N 6.61; 
found: C 42.78，H 6.84, N 6.60; ^ H N M R (300 MHz, CfiDeiCsDsN = 2:1,25 °C): 5 
(ppm) = 0.43 (s, 18H, Si她3), 1.24 (s, 18H, CMe》，1.40-1.44 (m, 4H, THF), 
3.48-3.52 (m, 4H, THF), 5.92(s, 2H, CM), 7.76 (s, 2H, C4//2N2)； N M R (75.5 
MHz, C6D6:C5D5N = 2:1, 25。C): 5 (ppm) = 5.88 (SiA/ej), 25.69 (CMe?), 31.61 
(CMes), 42.07 (THF), 67.71 (THF)，94.15 (CH)，128.84 (CBu% 152.14, 180.72 
(QH2N2). 
Preparation of [{Me2Si{NC(Bu')C(H)})2C4H2k2-2,31 (6): 
To a solution of CdCh (1.50 g, 8.18 mmol) in Et20 (20 ml) was added a red solution 
of 1 (1.92 g, 1.67 mmol) in Et20 (30 ml) at 0 °C. The reaction mixture was stirred at 
room temperature for 1 d to become orange suspension. After filtration and removal 
of the solvent in vacuo, the residue was recrystallized from THF. Concentration of the 
solution gave 6 as orange crystals (1.12 g, 86.7 %); m.p. = 240.2-243.3。C; Anal. 
Calcd (%) for C2oH34N4Si2： C 62.12, H 8.86, N 14.48; found: C 60.18’ H 8.81, N 
14.27; 1h N M R (300 MHz, CeDe.CsDs^ = 2:1, 25。(：): 8 (ppm) = 0.29 (s, 12H, 
SiMe力，1.26 (s, 18H, CMes), 5.73 (s，2H, CH), 6.16 (s, 2H, C4//2N2); N M R 
(75.5 MHz, CeDeiCsDsN = 2:1,25。(： )： 5 (ppm) = 0.00 (SiMe^), 28.45 (CMes), 90.31 
(CH)，110.89 (CBu), 142.22, 186.34 (QH2N2)； M S (FAB): m/z 387 (85, [M + if), 
405 (100，[M + 1 + HjOt). 
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CHAPTER 3 
SYNTHESES AND CHARACTERIZATIONS OF 
BIS(PHOSPHORANOIMIDO) MAGNESIUM AND GROUP 14 
METAL COMPLEXES 
3.1 Introduction 
3.1.1 A General Review of Functionalized Phosphoranoimine Ligands 
General Background 
Phosphorus(V) imino ligands containing a R3P=NR' unit known as 
phosphoranoimines have attracted attention. They can act both as neutral and anionic 
ligands in main-group and transition metal chemistry. The highly polar P-N bond 
features a multiple bond character, relating to two resonance structures from cationic 
phosphonium and anionic amido centers I to doubly bonded P=N species II. 
\© e \ 
I II 
Phosphoranoimines can simply act as a neutral ligand to form adduct with 
metals by utilizing the lone pair electrons of nitrogen. Deprotonation of 广alkyl or 
P-aryl phosphoranoimines provides ligand systems bearing C.A^ -chelating sites" 
Moreover, A^ -metalated phosphoranoimines are easily prepared in large scale and 
widely used in organic synthesis as well as in organometallic chemistry? 
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Synthetic Methods 
Phosphoranoimines have been prepared mainly by two synthetic approaches, 
which are the direct linking of an imido and a phosphorus(III) fragments. These 
synthetic routes are known as the Staudinger reaction^  of tertiary phosphines with 
organoazides accompanied by elimination of dinitrogen (Scheme 3.1) and the 
Kirsanov reaction^  of dihalophosphoranes with primary amines carried out in the 
presence of an auxiliary base (Scheme 3.2). 
Scheme 3.1 
\ \ 
R ) + R- R 令 = N \ 
R R R' 
Scheme 3.2 
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\ / \ -2R.NH3X \ 
R - P . + 3 N——R' • R——P=zN 
/ \ / / \ 
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Development of Phosphoranoimines as Neutral ligands 
The coordination chemistry of phosphoranoimine transition metal complexes has 
received much attention in recent years. Phosphoranoimines act as neutral 
monodentate ligands via the lone pair at the nitrogen center to form various metal 
adducts. For example, group 11 and 12 metal halide adducts are either linear 
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Complexes of vanadium and group 8-10 first row metals with different 
fiinctionalized phosphoranoimines have been studied extensively by Bochmann and 
coworkers. 14 Cobalt complexes of bis(iminophosphoranyl)alkanes such as 
[CoCl2{CH2(Ph2P=NPh)2}] [5] have been proved to possess modest ethene 
polymerization activity, while vanadium complexes [VCI3{C5H3N(Ph2P=NAr)2-2,6}] 
(Ar = C6H2Me3-2,4,6 or C6H3Pr'2-2，6) [6] activated with M A O produce polyethene of 
very high molecular weight. 
54 
I I I 
^ N N Ph2P N \pph2 
P h , Co \ph 
/ \ ^N. 
c , CI A Z \ 
cr \ci 
CI 
At = C6H2Me3-2,4,6, C6H3PrV2,6 
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Cavell and coworkers have demonstrated that the controlled Staudinger reaction 
of diphosphines with one equivalent of azide can lead to heterodifunctional 
phosphino-phosphoranoimines RN=PPh2(CH2)nPPh2. They exhibit bidentate P’N-
chelation sites and have been applied in the synthesis of various early and late 
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Development of Phosphoranoimines as Anionic Ligands 
The recent development in the use of AMithiated phosphoranoimines RsPNLi in 
organic synthesis and in coordination chemistry has been reviewed? They are not 
only well known as synthons for primary, secondary, cyclic or functional amines, but 
also as precursors for a wide variety of A/-substiuted phosphoranoimines.^ '^ ''^ "^ ^ The 
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isolation and characterization of a AMithiated phosphoranoimine 
[(Ph3PNLi-LiBr)2'4THF] [10] has been first published by Davidson and coworkers.^ ^ 
The first X-ray characterized example of an alkaline-earth metal-substituted 
phosphoranoimine [ {Ph3P=NMgCl-0=P(NMe2)3} 2] |11] has also been reported by 
this group.24 
CI /0=P(隱》3 




/)-alkyl phosphoranoimines are moderately acidic and can be deprotonated at a-C 
positions by organo alkali-metal reagents or Grignard reagents. Several alkali and 
alkaline-earth metal complexes have been reported and structurally characterized 
)c ^^  
(Figure 3.3). ’ The negative charge is delocalized over both C- and /^ -centers, as 
indicated by shorter P-C and longer P-N bonds. Metal atom is chelated by the anionic 
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[12125 [13]26 
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-chelating ligands such as iminophosphorano(pyridyl)methamdes^^ and 
3-(iminophosphorano)-1 -azaallyls^ ^ and P，7V~chelating ligands such as 2- or 
3-(iminophosphorano)-l-phosphaallyls28 have been used in preparative main-group 
chemistry. Their structures are shown in Figure 3.4. 
Figure 3.4 
^ ^ ^ L r \siMe3 Me3SiZ \R2 
THF THF 
M = Li, Ri=Me，R2 = SiMe3; 
M = Li, r1 = Ph, = H; 
M = K^Ri=Ph’R2 = SiMe3 
|14|27 [15P 
R 
_ ^ ^ .Bu^ 1 ^ ^ P h 
MeaSi——N^f ,PPh 
丨 Z K HHF). 
L 」00 
R = H,n= 1.5, 
R = SiMe2Bu^ n = 2 
【16严 丨17128 
The methylene protons in bis(iminophosphoranes) undergo single deprotonation 
to yield monoanionic bis(iminophosphorano)methanides, which can act as either N,N-
or CTV-chelation ligands depending on the nature of the metal atom and other ligands 
on the metal. These anions are excellent chelating agents for a wide range of metals, 
some complexes of main-group metal and transition metal based on these ligands are 
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. . r . 1 c 14,29-33 
given in Figure 3.5. 
Figure 3.5 
H H H 
n 广 广 
R p / \ p R ph.p-r^pph, Ph2pZ PPh, 
P^Li l| |( )| lUygJI 
MeaSiN^t^NSiMea MegSiN：；^  )NSiMe3 / \ USMe, 
L THF I 
R = Ph，L = THF; THF, \ h F 
R = Cy,L = Et20 M=Na,K 
[18129,30 [19130 [20131 
C c 
广、N MeaSiN^ ^NSiMes MegSiN^ 乂 NSiMe。 
/ X \ \ A | Z ZnZ 
Ar Ar Z \ 
M = Ni, Ar = CgHzMea, CgHjPr^ z, X = Br; Me Me Me 
M = Co, Ar = CfiHjMea, CeHjPf'z, X = C1 
【211" 丨 22132 1231" 
Further deprotonation with excess organolithiums of the 
bis(iminophosphorano)methamdes afforded dilithium bis(iminophosphorano)-
methandiides [{Li2{C(Ph2PNSiMe3)2} which react with metal halides with 
metathetical elimination of LiCl to access novel 'pincer' metal carbenes. A unique 
‘pincer’ carbene complex can also be obtained from the reaction of neutral 
bis(iminophosphorano)methane ligands with suitable metal precursors. The structural 
data and the reactivity patterns for the 'pincer' complexes strongly suggests that there 
is a M = C carbene double bond.^ ^ Development of early transition metal, main-group 
metal and lanthanide bis(iminophosphorano)methandiide complexes have been 
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3.1.2 A General Review of Group 14 Metal Complexes Containing 
Phosphoranoimine Ligands 
Since the synthesis of the first series of bivalent group 14 metal alkyls 
[M{CH(SiMe3)2h]] (M = Ge, Sn and Pb) has been reported by Lappert and 
coworkers in 1976，the heavy carbene analogues have attracted continued interest.*! 
The other R2M： complexes have been subsequently reported and structurally 
characterized.42-45 Among the three heavier metals, a large number of structurally 
characterized compounds reported are mainly related to tin and germanium. In 
contrast, thermally stable characterized organolead(II) compounds are scarce. 
In general, sterically demanding ligands with functionalized groups are applied 
to stabilize the low-coordinate M(II) centers and to reduce the chance to 
oligomerization or polymerization. And thus, theraiodynamically stable monomeric 
species can be isolated. Recently, phosphoranoimines as ligand system for bivalent 
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group 14 metal complexes have been developed. The Ph2P=NSiMe3 unit in 
phsophoranoimines acts as a side-arm coordinating group via nitrogen atom to 
stabilize the M(II) centers and Figure 3.7 illustrates the structures of these 
s y s t e m s _ 
Figure 3.7 
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The first example of a stable bis(germaviny 1 idene) with supporting ligand based 
on bis(iminophosphorano)methane has been reported. ^^ It comprises two 
germavinylidenes units linked together by Ge->Ge and N-^Ge bond interaction in a 
head-to-head manner (Figure 3.8). By using the same ligand, two novel low-valent 
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1,3-dimetallacyclobutanes [{M{"2-C(Ph2P=NSiMe3M}2] (M = Sn, Pb) have been 
synthesized. They consist of two metal atoms bridged by two methandiide carbon 
atoms and each metal center is coordinated by two imino nitrogen atoms. An "open 
box"-like structural framework can be observed in these complexes. Similarly, using 
the related iminophosphorano(pyridyl)methane, group 14 1,3-dimetallacyclobutanes 
27 
and a mixed-metal 1,3-stanna-plumbacyclobutane have been obtained (Figure 3.8). 
Figure 3.8 
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3.2 Objective 
Sterically hindered phosphoranoimines have been widely used to form stable 
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mono- and poly-metallic complexes with both transition metals and main-group 
metals. Generally the ligand retains its neutral character, but it can also be 
deprotonated by base to generate mono- or di-anionic species. A variety of unusual 
and potentially useful metal complexes have been derived from these neutral or 
anionic phosphoranoimine ligands. 
Since the phosphoranoimine anions are shown to be novel and very powerful 
Lewis-base donors to main-group metals, our group became interested in utilizing the 
phosphoranoimine as ligand system to synthesize the group 14 metal complexes such 
as rare bis(germavinylidene) and novel low-valent 1,3-dimetallacyclobutanes.^ '^^ ^ 
In this work, we aim to explore the ligands that offer a steric environment 
capable to stabilize the low-coordinate group 14 metal centers. The R-groups at the 
P=N function provide steric bulk to control coordination numbers, lipophilicity in 
aprotic solvents and to a certain extent determinate the electronic properties of the 
ligand. Therefore, 2,6-lutidine-functionalized bis(phosphoranoimines) with different 
R-substituents on phosphorous atoms are derived and investigated. 
r ^ N 八 
R = Pr^ Ph 
N N ^ 
SiMea SiMe。 
These ligands consist of two units of P=N fragments linked together by a lutidine 
ring at 2- and 6-positions. They are expected to act as bidentate C，N- or tridentate 
A/;A^ '’Ar-chelating ligands depending on the nature of the metal atom. They not only 
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can act as neutral bis(phosphoranoimines) (A) to form metal complexes in 
coordination chemistry, but also able to be a di-anionic ligand (B) forming various 
metal complexes in different bonding modes. 
r ^ r ^ 
R 、 R 2 P 、 R 2 P 《 N 义 
SiMes SiMes SiMeg SiMeg SiMea SiMe] 
A B 
In the following section, di-anionic bis(phosphoranoimido) magnesium 
compounds will be prepared by metalation of neutral bis(phosphoranoimines) with 
MgBu2. Subsequently, these ligands will be used as transfer reagents to prepare 
bivalent group 14 metal complexes. Their structural characterization and reactivity 
will be presented and compared. 
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3.3 Results and Discussion 
3J.1 Preparation and Characterization of Bis(Phosphoranoiinido) Magnesium 
Complexes 
3.3.1.1 Preparation and Characterization of Bis(Phosphoranoimido) 
Magnesium Complexes [Mg{(Me3SiN=PR2CH)2C5H3N-2,6}THFl (R = Pr', (9); R 
=Ph, (10)) 
Metalation of neutral bis(phosphoranoimines) (Me3SiN=PR2CH2)2C5H3N-2,6 (R 
二 Pr'，7; R = Ph，8) using MgBu2 in THF at -78 °C afforded magnesium compounds 
[Mg{(Me3SiN=PPr'2CH)2C5H3N-2,6}THF] (9) and [Mg{(Me3SiN=PPh2CH)2-
C5H3N-2,6}THF] (10) in 89.1 % and 79.7 % yields, respectively (Scheme 3.3). 
Scheme 3.3 
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33.1.2 Physical and Spectroscopic Properties of Complexes 9 and 10 
Compound 9 is a bright yellow crystalline solid while compound 10 is a bright 
red crystalline solid. They are very air- and moisture-sensitive and soluble in Et20, 
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THF, and toluene but sparingly soluble in hexane. The melting points of 9 and 10 are 
223.8-224.3 and 133.9-136.7。C, respectively. They were characterized by ^ H, "C, 
and N M R spectroscopy and X-ray crystallography. A satisfactory elemental 
analysis result of 9 was obtained but that of 10 was not satisfactory due to the 
extremely air-sensitivity of the compound. Attempt to get the mass spectrum of 9 was 
not successful. No molecular peak was found but some ligand fragments were 
recorded in the mass spectrum. 
All N M R spectra of 9 and 10 displayed typical resonances and coupling patterns. 
The 1h N M R spectra of both 9 and 10 showed signals for the SiMes group, THF, 
methine proton, and pyridyl protons. Doublet peaks at 5 2.55 ppm (Jp-h = 16.8 Hz) for 
9 and 5 3.25 ppm (Jp_h = 19.2 Hz) for 10 are attributed to the coupling of methine 
proton to phosphorus nuclei. In the 'H N M R spectrum of 9, the protons of isopropyl 
groups displayed two multiplets at S 1.10-1.26 and 2.01-2.04 ppm. In the ^ H N M R 
spectrum of 10, the protons of phenyl groups showed peaks in the aromatic region of 
6 6.92-8.06 ppm. The ^ C^ N M R spectra of 9 and 10 were in good agreement with the 
solid-state structure determined. The ^ P^ N M R spectra displayed one singlet at lower 
field 5 57.71 ppm for 9 and 8 36.43 ppm for 10 relative to the parent 
bis(phosphoranoimines) (5 34.42 ppm). In all the spectra, one set of signals due to the 
ligand was observed, suggesting that two side arms of the ligand are positioned in the 
same chemical environment. 
3.3.1.3 Molecular Structures of Complexes 9 and 10 
Perspective ORTEP drawing of the molecular structures of compounds 9 and 10 
are shown in Figure 3.9 and 3.10, respectively. Selected bond distances and angles are 
given in Table 3.1 and 3.2, respectively. 
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The magnesium compounds 9 and 10 are isostructural and monomeric in the 
solid state. The coordination sphere of the magnesium atom is four-coordinate, being 
A^，A^ '’Ar-chelated by the ligand and coordinated to one THF molecule with a distorted 
tetrahedral geometry. 
⑶ © h 
C23 
Figure 3.9 Molecular structure of [Mg{(Me3SiN=PPr'2CH)2C5H3N-2,6}THF] (9). 
In compound 9, Mg(l) is bound to two imino nitrogen atoms of the dianionic 
ligand at distances of 2.076(18) and 2.097(2) A and the pyridyl nitrogen atom at 
distance of 2.061(19) A. Similarly, in compound 10, Mg(l) is bound to two imino 
nitrogen atoms of the dianionic ligand at distances of 2.065(3) and 2.067(3) A and the 
pyridyl nitrogen atom at distance of 2.077(3)人.The average Mg-N distances of 2.078 
A in 9 and 2.070 A in 10 are comparable to those found in 
[{Ph3P=NMgCl-0=P(NMe2)3}2] (2.039 A).^ ^ 
The average P-C bond distances of 1.715 A in 9 and 1.704 人 in 10 are 
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significantly shorter than a P-C single bond of 1.825(2) A in 
[4-Bu'C6H4CH2PPh2=NC6H2Mer2,4,6]48, indicating the existence of P=C double 
bond in the compounds. While the average P-N distances of 1.625 A in 9 and 1.620 A 
in 10 are much longer than the P=N bond distances found in [MesSiN^PPhzCHzPPhz] 
(1.529(3) A)49’ [PtCl(PMe2Ph){C(Me)(PPh2=NC6H4Me-4)2}] (1.555(4) Af, and 
[4-But6H4CH2PPh2=NC6H2Me3-2,4,6] (1.5620(13)入广，suggesting the charge 
delocalization within the C-P-N skeleton. 
02 
爾 
Figure 3.10 Molecular structure of [Mg{(Me3SiN=PPh2CH)2- C5H3N-2,6}THF] (10). 
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Table 3.1 Selected bond distances ( A ) and angles (deg) for compound 9. 
Mg(l)-N(l) 2.061(19) Mg(l)-0(1) 2.046(17) 
Mg(l)-N(2) 2.076(18) Mg(l)-N(3) 2.097(2) 
P(l)-C(l) 1.707(2) P(2)-C(7) 1.722(2) 
P(l)-N(2) 1.630(2) P(2)-N(3) 1.620(19) 
C(l)-C(2) 1.440(3) C(6)-C(7) 1.397(3) 
C(2)-C(3) 1.399(3) C(3)-C(4) 1.385(4) 
C(4)-C(5) 1.360(4) C(5)-C(6) 1.419(3) 
N(L)-C(2) 1.365(3) N(L)-C(6) 1.382(3) 
0(1)-Mg(l)-N(l) 99.83(8) 0(1)-Mg(l)-N(2) 123.52(8) 
0(1)-Mg(l)-N(3) 98.44(7) N(l>-Mg(l)-N(2) 105.58(8) 
N( 1 )-Mg( 1 )-N(3) 101.25(8) N(2)-Mg( 1 )-N(3) 123.87(8) 
C(2)-N(l)-Mg(l) 107.61(14) C(6)-N(l)-Mg(l) 125.43(15) 
N(2)-P(l)-C(l) 113.05(11) N(3)-P(2)-C(7) 115.29(11) 
C(2)-C( 1 )-P( 1) 126.15(19) C(6)-C(7)-P(2) 127.72( 18) 
N(1>C(2)-C(1) 117.7(2) N(l)-C(6)-C(7) 119.9(2) 
C(2)-N(l)-C(6) 120.78(19) 
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Table 3.2 Selected bond distances ( A ) and angles (deg) for compound 10. 
Mg(l)-N(l) 2.077(3) Mg(l)-0(1) 2.014(3) 
Mg(l)-N(2) 2.065(3) Mg(l)-N(3) 2.067(3) 
P(l)-C(4) 1.706(4) P(2)-C(10) 1.701(4) 
P(l)-N(3) 1.612(3) P(2)-N(2) 1.627(3) 
C ⑷-C(5) 1.437(5) C(9)-C(10) 1.415(5) 
C(5)-C(6) 1.402(5) C(6)-C(7) 1.379(5) 
C(7)-C(8) 1.361(5) C(8)-C(9) 1.410(5) 
N(l)-C(5) 1.367(4) N(1>C(9) 1.378(4) 
0( 1 )-Mg( 1 )-N( 1) 99.99(11) 0(1 )-Mg( 1 )-N(2) 102.56(11) 
0(1)-Mg(l)-N(3) 112.79(12) N(2)-Mg(l)-N(l) 102.78(12) 
N(3)-Mg( 1 )-N( 1) 107.95(12) N(2)-Mg( 1 )-N(3) 127.19(13) 
C(5)-N(l)-Mg(l) 111.1(2) C(9)-N(l)-Mg(l) 123.8(2) 
N(3)-P(l)-C(4) 115.43(17) N(2)-P(2)-C(10) 116.13(17) 
C(5)-C(4)-P(l) 126.7(3) C(9)-C(10)-P(2) 127.9(3) 
N(L)-C(5)-C(4) 119.0(3) N(L)-C(9)-C(10) 120.1(3) 
C(5)-N(l)-C(9) 120.1(3) 
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3.3.2 Preparation and Characterization of Bis(Phosphoranoimido) Tin(II) and 
Lead(II) Complexes 
3.3.2.1 Preparations and Characterizations of 13-Distannacyclobutane with 
Chlorotin(II) Alkyl Complex l(2-{Sn{C(Pr'2P=NSiMe3)}}-6-{Sn{CH-
(Pr'2P=NSiMe3)}Cl}}C5H3Nl2 (11) and 1,3-Diplumbacyclobutane with 
bis(trimethylsilyl)aiiiido Lead(II) Alkyl Complex【{2-{Pb{C(Pr'2P=NSiMe3)}}-
6-{Pb{CH(Pr'2P=NSiMe3)}N(SiMe3)2})C5H3N]2 (12) 
Metathesis reaction of the magnesium salt 9 with one equivalent of SnCli in 
Et20 at 0。C afforded a bright orange solution with yellow precipitate of MgCb. 
After working up, [{2-{Sn{C(Pi^2P=NSiMe3)}}-6-{Sn{CH(Pr^2P=NSiMe3)}Cl}}-
CsHsNlz (11) was obtained as bright orange crystals in 60.2 % yield (Scheme 3.4). 
Scheme 3.4 
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The reaction is proposed to proceed through the intermediate bischloro-tin(II) 
alkyl complex {Sn(Me3SiN=PPr'2CH)Cl} 2C5H3N-2,6 (11a), which underwent further 
proton abstraction by magnesium compound 9 accompanied by elimination of MgCh 
and 7 to form the unstable intermediate stannavinylidene ( l ib) . Subsequently, the 
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stannavinylidene intermediates performed a head-to-tail cyclodimerization to form the 
1,3-distannacyclobutane of compound 11. The other chloro-tin(II) alkyl fragment 
within the same ligand remained unchanged (Scheme 3.5). The magnesium compound 
9 acts not only as a ligand transfer reagent but also a strong base for 
dehydrochlorination. HCl elimination can also be found in the reaction of (Bu')3PNH 
and Me^SnCl forming the phosphinimido complex of tin [(Bu')3PNSnMe3].^' 
Scheme 3.5 
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In contrast，using ？hCh instead of SnCl2 in the above reaction was unsuccessful 
to isolate the analogous lead(II) compound. Therefore, another approach was used to 
synthesize the desired product. Metalation reaction of the neutral 
bis(phosphoranoimines) (Me3SiN=PPr'2CH2)2C5H3N-2,6 (7) with two equivalents of 
Pb{N(SiMe3)2}2^^ yielded a deep orange clear solution. Concentration and cooling of 
the solution afforded [{2-{Pb{C(Pr'2P=NSiMe3)}}-6-{Pb{CH(P6P=NSiMe3)}-
N(SiMe3)2} }C5H3N]2 (12) as orange crystals in 28.6 % low yield (Scheme 3.6). 
Scheme 3.6 
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Formation of compound 12 is assumed to undergo the analogous proposed 
mechanism as that of compound 11. Firstly by elimination of two equivalents of 
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hexamethyldisilazane, the intermediate bisamido-lead(II) alkyi 
{Pb(Me3SiN=PPr'2CH)N(SiMe3)2}2C5H3N-2,6 (12a) was postulated to form. Further 
elimination of hexamethyldisilazane followed by cyclodimerization yielded 
1,3-diplumbacyclobutane of compound 12 (Scheme 3.7). 
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3.3.2.2 Physical and Spectroscopic Properties of Complexes 11 and 12 
Compounds 11 and 12 are air- and moisture-sensitive orange crystalline solids, 
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soluble in EtiO and THF. Compound 11 darkens and decomposes at temperature 
above 190 °C. It was characterized by ^H, ^ C^, ^ P，and '^^ Sn N M R spectroscopy, 
elemental analysis and X-ray crystallography. Attempt to obtain the mass spectrum of 
11 was unsuccessful, only ligand fragment peaks were recorded in the mass spectrum. 
Light-sensitive nature of compound 12 decomposes slowly in solution at room 
temperature to lead metal and it was characterized by N M R spectroscopy and 
X-ray crystallography. 
The N M R spectra of 11 and 12 exhibited two sets of signals with the same 
intensity, and these overlapped and complicated signals indicated that the ligands 
adopt two different coordination modes. In the ^ H and "C N M R spectra of 11, two 
sharp singlets at 6 0.18 and 0.55 ppm were assigned to the non-equivalent SiMe3 
groups. The ^ P^ N M R spectrum of 11 showed two sharp singlets at 6 43.44 and 70.06 
ppm, respectively. It is due to the presence of different phosphorus chemical 
environments. The ^^ S^n N M R spectrum displayed two doublets corresponding to a 
chlorotin(II) alkyl moiety and a 1,3-distannacydobutane at 5 -72.23 and -10.96 ppm, 
respectively. Two doublet signals are attributed to the two different tin environments 
with 3ip-ii9Sn couplings of 140.4 and 157.2 Hz，respectively. 
3.3.2.3 Molecular Structures of Complexes 11 and 12 
Molecular structures of compounds 11 and 12 are shown in Figure 3.11 and 3.12, 
respectively. Selected bond distances and angles are given in Table 3.3 and 3.4, 
respectively. 
The tin(II) compound 11 and the lead(II) compound 12 are dimeric in the solid 
state. Their structures are comprised of a four-membered 1,3-dimetallacyclobutanes 
and two chlorotin(II) or bis(trimethylsilyl)amiclo lead(II) alkyl moieties linked by a 
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pyridyl ring at 2,6 positions. Two types of metal centers are three-coordinate and 
adopt a trigonal pyramidal geometry with one vertex occupied by a lone pair of 
electrons. Two M(l) atoms are bound to two methandiide carbon centers, forming a 
1,3-dimetallacyclobutane ring. Two M(2) atoms in the chloro or 
bis(trimethylsilyl)amido M(II) alkyl moieties are coordinated to the imino nitrogen 
atoms. 
f t 
Figure 3.11 Molecular structure of [{2-{Sn{C(Pr�2P=NSiMe3)}}-6-
{Sn{CH(Pr^2P=NSiMe3)}Cl} }。 5 _ 2 (11). 
In 4, the SniC】 four-membered ring is folded along the C-C axis with a dihedral 
angle of 28。. Two pyridyl nitrogen atoms of the ligand coordinate to the metal 
centers forming the SnCC(py)N(py) four-membered rings. These four-membered 
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rings form an "open box"-like structure framework. However, the molecular structure 
of 5 is slightly different from that of 4. Firstly, the PbzC: ring is planar. And then, two 
imino nitrogen atoms rather than the pyridyl nitrogen atom of the ligand coordinate to 
the Pb(II) centers, forming two PbCPN(imino) four-membered rings. These three 
four-membered rings posses a "step"-like structure framework. 
C24 C23 ^ 
C30 C3 
Figure 3.12 Molecular structure of [{2-{Pb{C(Pr'2P=NSiMe3)}}-6-
{Pb{CH(Pi^2P=NSiMe3)}N(SiMe3)2}}C5H3N]2 (12). 
Average M(l)-C distances of 2.337 A (M = Sn) and 2.405 A (M = Pb) in 
compound 11 and 12 are similar to those of 2.322 A (M = Sn) and 2.411 A (M = Pb) 
in 1,3-[M{C(Pr'2P=NSiMe3)(2-Py)}]2^^and 2.376 A (M = Sn) and 2.477 A (M = Pb) 
in [M{//2-C(Ph2P=NSiMe3)2}]229. M(2) is bound to the carbon atom at distance of 
2.329 (7) A (M = Sn) and 2.427(12) (M = Pb) and coordinated to the imino nitrogen 
atom at distance of 2.256(6) A (M = Sn) and 2.524(11) A ( M = Pb). Average Sn-C 
distance of 2.337 A in the distannacyclobutane and Sn(2)-C(16) distance of 2.329(7) 
in the chlorotin(II) alkyl moiety of 4 are longer than the Sn-C distance of 2.025(4) A 
in stannene [{(Me3Si)2CH}2Sn=C{(BBu')2C(SiMe3)2}].^^ Similarly, average bond 
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distance of Pb-C (2.405 A) in the diplumbacyclobutane and that of Pb(2)-C(16) 
(2.427(12) A) in the bis(trimethylsilyl)amido lead(II) alkyl moiety of 5 are longer 
than the Pb-C distance of 2.336(3) A in [Pb{CH(SiMe3XC9H6N-8)}2].'' The 
metal-metal distances in 4 and 5 are too long to consider the existence of bonding 
interactions. 
Table 3.3 Selected bond distances (A) and angles (deg) for compound 11. 
Sn(l)-C(10) 2.287(6) Sn(l)-C(10') 2.362(7) 
Sn(l>N(2) 2.316(5) Sn(l,)-C(10) 2.362(6) 
Sn(2)-C(16) 2.329(7) Sn(2)-N(3) 2.256(6) 
Sn(2)-P(2) 2.919(2) Sn(2)-Cl(l) 2.444(3) 
P(3)-N(l) 1.562(7) P(2)-N(3) 1.606(7) 
P(3)-C(10) 1.766(7) P(2)-C(16) 1.787(7) 
C(10)-C( IR) 1.444(9) C(15)-C(16) 1.455(10) 
C(ll)-C(12) 1.413(9) C(12)-C(13) 1.389(10) 
C(13)-C(14) 1.378(11) C(14)-C(15) 1.400(10) 
N(2)-C(ll) 1.381(8) N(2)-C(15) 1.351(8) 
C(10)-Sn(l)-C(10，） 88.0(2) N(2)-Sn(l)-C(10) 88.4(2) 
N(2)-Sn(l)-C(10') 59.8(2) Sn(l)-C(10)-Sn(r) 88.6(2) 
C(11' )-C( 10)-P(3) 129.7(5) C( 11，)-C( 10)-Sn( 1) 117.5(4) 
Sn(l)-C(10)-P(3) 100.7(3) C(ll')-C(10)-Sn(l') 91.6(4) 
Sn(l，)-C(10)-P(3) 122.3(3) N(3)-Sn(2)-Cl(l) 96.7(2) 
N(3)-Sn(2)-C(16) 70.5(2) C(16)-Sn(2)-Cl(l) 98.2(2) 
N(3>P(2)-C(16) 102.4(3) P(2)-N(3)-Sn(2) 96.7(3) 
P(2)-C(16)-Sn(2) 89.4(3) P(2)-C(16)-C(15) 120.8(5) 
Sn(2)-C(16)-C(15) 109.2(5) 
Symmetry transformations used to generate equivalent atoms: 
#l-x+l，y, -z+1/2 
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Table 3.4 Selected bond distances ( A ) and angles (deg) for compound 12. 
Pb ⑴-C(IO) 2.363(10) Pb(l)-C(10') 2.426(13) 
Pb(l)-N(l) 2.406(10) Pb(l')-C(10) 2.426(13) 
Pb(2).C(16) 2.427(12) Pb(2)-N(3) 2.524(11) 
Pb(2)-P(2) 3.045(4) Pb(2)-N(4) 2.283(11) 
P(l)-N(l) 1.614(10) P(2)-N(3) 1.611(11) 
P(L)-C(10) 1.749(12) P(2)-C(16) 1.785(13) 
C(10)-C(ll) 1.489(16) C(15>C(16) 1.490(14) 
C(ll)-C(12) 1.424(17) C(12)-C(13) 1.425(17) 
C(13)-C(14) 1.370(17) C(14)-C(15) 1.459(18) 
N(2)-C(ll) 1.350(14) N(2>C(15) • 1.340(14) 
C(10)-Pb(l)-C(10') 86.6(4) N(l)-Pb(l)-C(10) 66.0(4) 
N(l)-Pb(l)-C(10') 97.8(4) Pb(l)-C(10)-Pb(r) 93.4(4) 
C(ll)-C(10)-P(l) 118.9(8) C(11)-C(10)-Pb(l) 128.0(8) 
Pb( 1 )-C( 10)-P( 1) 92.8(5) C(ll )-C( 10)-Pb( 1') 106.9(8) 
Pb(l')-C(10)-P(l) 114.5(6) N(3)-Pb(2)-N(4) 107.8(4) 
N(3)-Pb(2)-C(16) 66.3(4) C(16)-Pb(2)-N(4) 96.0(4) 
N(3)-P(2)-C(16) 105.7(6) P(2)-N(3)-Pb(2) 92.1(5) 
P(2)-C(16)-Pb(2) 91.3(4) P(2)-C(16)-C(15) 120.7(9) 
Pb(2)-C(16)-C(15) 106.0(8) 
Symmetry transformations used to generate equivalent atoms: 
#1 -x+1，-y+2, -z+1 
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3.3.3 Preparation and Characterization of Bis(Phosphoranoimido) 
Germanium(II) Enamido and Alkyl Complex 
3.3.3.1 Preparation and Characterization of Bis(Phosphoranoimido) 
Germanium(n) Enamido and Alkyl Complex 
I ： ： ‘ 
[{2-CH(Pr'2P=NSiMe3)-6-CH(Pr'2P=NSiMe3)}C5H3NGe{2-{C(Pr'2P=NSiMe3)Ge}-
6-CH2(Pr'2P=NSiMe3)}C5H3Nl (13) 
Treatment of 9 with one equivalent of GeCl2(dioxane)^ ^ in EtzO at 0。C gave 
an orange solution with yellow precipitate of MgCb. After filtration and removal of 
volatiles, the product was extracted with THF. Concentration of the bright orange 
filtrate afforded [{2-CH(Pr'2P=NSiMe3>6-CH(Pr'2P=NSiMe3)}C5H3NGe- 
1 
{2-{C(Pr'2P=NSiMe3)Ge}-6-CH2(Pr'2P二NSiMe3)}C5H3N] (13) as orange crystals in 
57.4 % yield (Scheme 3.8). 
Scheme 3.8 
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The reaction mechanism for compound 13 is more or less similar to those of 
compounds 11 and 12，and resulted in forming a germanium(Il) enamido and alkyl 
compound instead of 1,3-digermacyclobutane. No digermacyclobutane can be 
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produced in compound 13 is possibly due to the smaller atomic size of the Ge(II) 
atom, preventing from the approach of the sterically crowded carbon atom. The 
proposed mechanism of compound 13 is shown in Scheme 3.9. The N’N'，N、chehted 
germanium(II) intermediate (13a) is anticipated to form in order to stabilize the small 
size gennanium(II) center. And then, proton shift and rearrangement of this 
intermediate formed the unstable germavinylidene (13b) which performed 
dimerization to give the resulting compound 13. 
Scheme 3.9 
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3.3.3.2 Physical and Spectroscopic Properties of Complex 13 
Compound 13 is a bright orange crystalline solid very soluble in Et】。and THF. 
It has a melting point at 186.2-189.1。C. It was characterized by N M R spectroscopy, 
elemental analysis and X-ray crystallography. No molecular peak was observed in the 
mass spectrum of 13. 
Compound 13 is a bright orange crystalline solid very soluble in EtsO and THF 
but insoluble in hexane. The ^ H and ^ C^ N M R spectra of 13 displayed four peaks with 
the same intensity assignable to the SiMe; groups, showing that the four ligand 
backbones are chemically non-equivalent. In the ^H N M R spectrum of 13, the 
methine proton signal at 6 4.62 ppm shows a significant downfield shift and together 
with the considerable upfield shifts for the ring protons, indicating the existence of the 
enamide coordination. The ^^ P N M R spectrum exhibited three signals at 6 31.11, 
31.75, and 65.01 ppm. It is suggested that two phosphorus atoms nearby the 
germamium centers are in very similar chemical environments and thus the signals are 
overlapped. 
3.3.3.3 Molecular Structure of Complex 13 
The molecular structure and selected structural data of compound 13 are shown 
in Figure 3.13 and Table 3.5, respectively. 
The germanium(II) compound 6 is a dimer in the solid state. The geometry at 
the three-coordinate Ge(l) and Ge(2) centers are trigonal pyramidal with a 
stereochemically-active lone pair of electrons. Ge(l) is bound to one methandiide 
carbon, pyridyl and imino nitrogen atoms. The structural data showed that one of the 
anionic ligand is bound to Ge(l) atom via the pyridyl nitrogen N(6) rather than the 
a-carbon C(16). Since the charge is largely localized at the nitrogen atom, C(l)-C(2) 
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bond distance of 1.359(6) A becomes shorten and exhibits the presence of an 




Figure 3.13 Molecular structure 
of [{2-CH(Pr'2P=NSiMe3)-6-tH(Pr'2P=NSiMe3)}-
C5H3NGe{2-{C(Pr'2P=NSiMe3)Ge}-6-CH2(Pr^2P=NSiMe3)}C5H3N] (13). 
The comparatively short C(3)-C(4) and C(5)-C(6) bond distances and long 
C(2)-C(3) and C(4)-C(5) bond distances within, the pyridyl ring suggest that it has 
localized single and double C-C bonds and becomes non-aromatic due to charge 
redistribution. The covalent Ge(l)-N(6) distance of 2.007(4) A is not significantly 
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shorter than the dative Ge-N distances of 2.044 A , presumably due to repulsion 
between the Ge(l) atom and bulky ligands. 
On the other side, Ge(2) is bound to one methandiide carbon atom C(26), one 
methine carbon atom C(16) and coordinated to the imino nitrogen. The Ge(2)-C(26) 
bond distance of 2.064(5) A is shorter than the Ge(2)-C(16) bond distance of 2.126(5) 
入，it is possibly due to both electronic and steric effects. Similar to compounds 11 and 
12, no metal-metal interaction was found in compound 13. 
Table 3.5 Selected bond distances (A) and angles (deg) for compound 13. 
Ge(l)-C(26) 2.090(5) Ge(l)-N(2) 2.045(4) 
Ge(2)-C(16) 2.126(5) Ge(l)-N(6) 2.007(4) 
Ge(2)-C(26) 2.064(5) Ge(2)-N(4) 2.042(4) 
P(l)-N(l) 1.537(4) P(2)-N(2) 1.620(4) 
P(l)-C(l) 1.757(5) P(2)-C(16) 1.784(5) 
C(l)-C(2) 1.359(6) C(6)-C(16) 1.484(6) 
C(2)-C(3) 1.435(7) C(3)-C(4) 1.341(6) 
C(4>C(5) 1.406(7) C(5)-C(6) 1.357(7) 
N(6)-C(2) 1.404(6) N(6)-C(6) 1.385(6) 
P(3)-N(3) 1.527(5) P(4)-N(4) 1.627(4) 
P(3)-C(32) 1.825(5) P(4)-C(26) 1.778(5) 
C(31)-C(32) 1.496(7) C(26)-C(27) 1.486(7) 
C(27)-C(28) 1.386(7) C(28)-C(29) 1.366(7) 
C(29)-C(30) 1.376(7) C(30)-C(31) 1.379(7) 
N(5)-C(27) 1.352(6) N(5)-C(31) 1.348(6) 
N(2)-Ge(l)-C(26) 99.37(17) N(6)-Ge(l)-C(26) 98.41(18) 
N(2)-Ge( 1 )-N(6) 92.69( 16) C( 16)-Ge(2)-C(26) 96.78( 19) 
N(4)-Ge(2)-C( 16) 96.62( 18) N(4)-Ge(2)-C(26) 77.25( 17) 
Ge(l)-C(26)-Ge(2) 112.7(2) Ge(l)-C{26)-P(4) 117.6(2) 
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Ge(l)-C(26)-C(27) 101.0(3) Ge(2)-C(26)-P(4) 88.9(2) 
C(27)-C(26)-Ge(2) 120.3(3) C(27)-C(26)-P(4) 117.5(4) 
C(6)-C(16)-P(2) 112.6(3) C(6)-C(16)-Ge(2) 114.8(3) 
P(2)-C(16)-Ge(2) 109.8(3) C(2)-C ⑴-P(l) 129.2(4) 
C(31)-C(32)-P(3) 116.3(4) 
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3.3.4 Comparison on Structures and Reactivities of Compounds 11-13 
A series of thermally stable bivalent group 14 metal complexes containing 
bis(phosphoranoimines) ligands have been prepared and structurally characterized. 
For compounds 11 (Sn) and 13 (Ge), they have been prepared by metathesis reaction 
of bis(phosphoranoimido) magnesium salt with one equivalent of metal halides. 
However, compound 12 (Pb) has only been successfully synthesized by the metalation 
reaction of neutral bis(phosphoranoimines) with Pb{N(SiMe3)2}2. The reaction with 
lead amide is somewhat cleaner and more efficient than the salt elimination reaction 
for the synthesis of compound 12. It is probably due to the better solubility of both 
reactants in EtaO for the latter reaction facilitating efficient isolation and purification 
of products. Within this series, lead(II) compound is the least stable, as it slowly 
decomposes in solution to lead metal at room temperature. It may due to the larger 
covalent radius of lead, resulted in a weaker M-C bond interaction which is easily 
attacked by the donor molecules. 
Among the three heavier group 14 metals, only tin(II) and lead(II) can form 
1,3-dimetallacyclobutanes in compounds 11 and 12, respectively. The four-membered 
metallacycles in compound 11 adopt an "open box"-like structural framework while 
those in compound 12 adopt a "step"-like structural framework. The difference in 
structures is possibly due to the presence of more sterically demanding 
bis(trimethylsilyl)amido lead(II) alkyl moieties in 12, which led to the "step"-like 
arrangement in order to relieve the inter-ligand contacts. The larger C-M-C bond 
angle (88.0(2) and the shorter M-C bond distance (2.335 A) in 11 when compared 
with the corresponding angle (86.6(4) and distance (2.411 A) in 12, suggesting the 
bonding interactions between the metal atom and the ligand decrease from Sn to Pb, 
obviously due to the difference of the atomic radii. No 1,3-digermacyclobutane can be 
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formed in compound 13, indicating the smaller atomic size of the Ge(II) atom 
preventing from the approach of the sterically hindered a-carbon atom. 
For all these compounds, the geometry at the three-coordinated metal center is 
trigonal pyramidal with a stereo-active lone pair at the metal. Coordination from the 
imino or pyridyl nitrogen atoms is anticipated to impose a stabilizing effect on the 
bivalent group 14 metal compounds. In all compounds, no metal-metal interaction can 
be found. 
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3.4 Experimental Section 
Materials: MgBu2 and SnCb were purchased from Aldrich and used without further 
purification. Pb{N(SiMe3)2}2 and GeC^Cdioxane) were prepared according to the 
literature procedure.^ '^^ ^ (Me3SiN=PR2CH2)2C5H3N-2,6 (R = Pr' or Ph) were prepared 
according to the reported procedure.^ ^ 
Preparation of [Mg{(Me3SiN=PPr'2CH)2C5H3N-2,6}THF] (9): 
To a solution of 7 (1.85 g, 3.60 mmol) in THF (40 ml) at -78 °C was added 
dropwisely a solution of MgBu2 (3.7 ml, 1.0 M solution in heptane, 3.70 mmol). The 
reaction mixture was warmed to room temperature and stirred for 9 h. Filtration and 
concentration of the filtrate gave bright yellow crystals of the title compound (1.95 g, 
89.1 %); m.p. = 223.8-224.3。C; Anal, calcd (%) for CisHsiMgNbPaSi! (9 — THF): C 
56.01, H 9.59, N 7.84; found: C 55.87, H 9.99, N 7.09; N M R (300 MHz, CeDg, 25 
°C)： § (ppm) = 0.35 (s, 18H, SiMe^), 1.10-1.26 (m，24H, CMeJ，1.33-1.37 (m, 4H, 
THF), 2.01-2.04 (m, 4H, CHMqi), 2.55 (d, Jv-n = 16.8 Hz, 2H, CH), 3.77-3.81 (m, 4H， 
THF), 5.82 (d, 7.5 Hz, 2H, m-Cs/ZiN), 6.86 (t，J= 8.0 Hz, 1H,p-CsZ/jN); 
N M R (75.5 MHz, CsDe，25。C): 5 (ppm) = 6.28 (SiMej), 1&59 (d, J = 48.8 Hz, 
CHMe》，24.82 (s，THF), 30.23 (d,J=61.3 Hz，CHMez), 41.32 (d, J = 118.6 Hz, CH), 
69.87 (s, THF), 101.91 (d, J = 15.0 Hz, C5H3N), 135.93，166.52 (C5H3N); 
N M R (161.9 MHz, CeDg, 25 °C)： 6 (ppm) = 57.71. 
Preparation of [Mg{(Me3SiN=PPh2CH)2CsH3]V-2，6}THFl (10): 
To a solution of 8 (2.98 g, 4.66 mmol) in THF (50 ml) at -78 °C was added 
dropwisely a solution of MgBu2 (5.1 ml，1.0 M solution in heptane, 5.10 mmol). The 
reaction mixture was warmed to room temperature and stirred for 9 h. Filtration and 
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concentration of the filtrate gave bright red crystals of the title compound (3.30 g, 
79.7 %); m.p. = 133.9-136.7。C; N M R (300 MHz, CeDe, 25 "C)： 6 (ppm) = 0.22 
(s, 18H, SiMesl 1.41 (m, 12H, THF), 3.25 (d, /P—H = 19.2 Hz, 2H, CH), 3.57 (m, 12H, 
THF), 5.86 (d, J = 7.8 Hz，2H, m-C5_)’ 6.80 (t, J = 7.8 Hz, IH, /7-C5//3N), 
6.92-7.05 (m，12H, Ph), 7.64-7.75 (m, 4H, Ph), 7.86-8.06 (m, 4H, Ph); N M R 
(75.5 MHz, C6D6, 25。C): 6 (ppm) = 5.13 (SiMes), 25.75 (s, THF), 51.42 (d, J = 
100.3 Hz, CH), 67.77 (s, THF), 103.03 {d,J= 12.4 Hz, C5H3N), 129.98-138.10 (QHs 




To a suspension of SnCh (0.24 g, 1.27 mmol) in EtzO (10 ml) at 0 °C was added a 
solution of 9 (0.76 g, 1.25 mmol) in Et20 (20 ml) with stirring. The mixture was 
warmed to room temperature and stirred for 48 h and then filtered. Solvent was 
removed under vacuo and the residual was dissolved in THF. The solution was 
concentrated to CM. 5 ml. After standing for 1 d, 11 was obtained as bright orange 
crystals (0.59 g，60.2 %); Anal, calcd (%) for C5oHiooCl2N6P4Si4Sn4： C 38.32，H 6.43, 
N 5.36; found: C 38.50, H 6.47, N 5.34; N M R (300 MHz, CeDe, 25°C)： 5 (ppm)= 
0.18 (s，18H, SiMesX 0.55 (s, 18H, SiMej), 0.91-1.47 (m, 48H, CMe力，2.01-2.22, 
2.62-2.69 (m，8H, CZ/Me:)，6.12 (d，J = 6.0 Hz, 2H, W-C5//5N), 6.56 (d, J 二 6.0 Hz, 
2H, m-CsZ/jN), 7.60 (t, 9.0 Hz, IH,/7-C5//3N); N M R (75.5 MHz, CsDe’ 
25 °C)： 5 = (ppm) 3.00 (SiMe》，5.72 (SiMej), 15.03-17.77 (m, CHMe》，25.62-33.64 
(m, CHMe2)，109.73, 118.43, 122.61, 137.98, 154.37，164.21 (C5H3N);^^P{^H} N M R 
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(161.9 MHz, C6D6, 25。C): 5 (ppm) = 43.44, 70.06; NMR (149.1 MHz， 
C6D6,25。C): 5 (ppm) = -72.23 (d, J = 140.4 Hz),-10.96 (d,J= 157.2 Hz). 
Preparation of [{2-{Pb{C(Pr'2P=NSiMe3)}}-6-{Pb{CH(Pr'2P=NSiMe3)}-
N(SiMe3)2}}C5H3Nl2(12): 
A solution of 7 (1.83 g, 3.56 mmol) in Et20 (20 ml) was added to a solution of 
Pb{N(SiMe3)2}2 (3.79 g, 7.22 mmol) in EtzO (20 ml) at —78 °C. The reaction mixture 
was stirred at -78 °Cfor 30 min. and then at room temperature for 2 d. The resulting 
deep orange clear solution was concentrated and cooled to yield 12 as orange crystals 
(2.21 g, 28.6 %); 1H N M R (300 M H z , CGDS, 25 V)： 5 (ppm) = -0.04 (s, 18H, SiMes), 
0.28 (s, 18H, SiMej), 0.40 (s, 36H, SiMej), 0.91-1.30 (m, 48H, CMej), 1.64-2.03 (m, 
8H, C//Me2), 6.31 (d, J = 6.0 Hz, 2H, m-CsZ/^N), 6.49 (d, J=6.0 Hz, 2H, m-CsZ/jN), 





To a suspension of GeC^Cdioxane) (0.37 g, 1.60 mmol) in EtiO (10 ml) was added a 
solution of 9 (0.89 g, 1.46 mmol) in EtiO (20 ml) at 0 The mixture was warmed 
to room temperature and stirred for 2 d and then filtered. Volatiles were removed 
under vacuo and the residue was dissolved in THF. The resulting bright orange 
solution was concentrated to afford 13 as bright orange crystals (0.49 g, 57.4 %); m.p. 
=186.2-189.1。C; Anal, calcd (%) for C5oHio2Ge2N6P4Si4： C 51.38, H 8.80, N 7.19; 
found: C 50.54, H 8.93, N7.31; N M R (300 MHz, CeDe, 25 °C)： 5 (ppm) = 0.11 (s, 
9H, SiMes), 0.23 (s, 9H, SiMes), 0.38 (s, 9H, SiMes), 0.58 (s, 9H, SiMesl 0.85-1.42 
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(m, 48H, QMe2), 1.64-1.98 (m, 8H, CHUQI), 2.95 (d, /P—H = 6.0 Hz, 2H, Oh), 3.11 (d, 
Jp.H = 6.0 Hz, IH, CM), 4.62 (d, Jp.u = 18.0 Hz，IH, C=CH), 5.25 ( d， 6 . 0 Hz, IH, 
C5H3N), 6.46-6.51 (m，IH, C5H3NX 7.97 (d, J =9.0 Hz, IH, C5H3N); N M R 
(75.5 MHz, C6D6, 25。C): 5 (ppm) 二 0.00 (SiMej), 0.40 (SiMes), 1-37 (SiMej), 1.58 
/ 
(SiMesX 12.33-14.20 (m, CHMe^), 22.61-26.84 (m, CHMe2), 31.41 (d, J = 33.0 Hz, 
CH2), 40.33 (d, J = 41.2 Hz, CH), 67.89 (d, J = 85.2 Hz, C=C), 100.43, 112.37, 
116.88, 120.51, 126.79, 131.59, 146.83, 150.80, 157.50, 159.35 (C5H3N); 
N M R (161.9 MHz, CeDe, 25 °C)： 5 (ppm) = 31.11，31.75,65.01. 
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APPENDIX I 
A General Experimental Procedures and Physical Measurement 
All manipulations were carried out either in a nitrogen-filled glove box or under 
nitrogen using standard Schlenk-line techniques. Solvents were dried over and 
distilled from calcium hydride (dichloromethane and w-hexane) or 
sodium/benzophenone (diethyl ether and tetrahydrofuran) or sodium/potassium alloy 
(w-pentane and toluene). Deuterated solvents (CDCI3, C5D5N and CeDe) were dried 
over molecular sieves (3 A). 
^H N M R and ^^ C N M R spectra were measured at 300 M H z and 75.5 M H z 
respectively, using a Bmker dpx-300 spectrometer in sealed tubes at ambient probe 
temperature. ^ H and ^^ C chemical shifts were reported versus tetramethylsilane and 
were determined by reference to the residual ^ H and ^^ C solvent peaks. The ^H 
chemical shifts were referenced to internal CDCI3 (6= 7.24 ppm) or CeDsH (6= 7.15 
ppm) and "C resonances to CDCI3 (5= 77.0 ppm) or CsDe (6= 128.0 ppm). ^ 'P and 
"^Sn N M R spectra were recorded at 161.9 M H z and 149.1 M H z respectively by 
using an INOVA Varian 400 spectrometer; chemical shifts were quoted relative to 
external SnMe4 and 85 % H3PO4 respectively. 
FAB mass spectra were recorded at a Thermo Finnigan MAT95XL with 
nitrobenzyl alcohol as matrix. 
Melting points were measured at an Electrothermal melting point apparatus. 
Samples were prepared in sealed capillary tubes containing a nitrogen atmosphere and 
no corrections were done for the atmospheric pressure. 
Elemental analyses were performed by M E D A C Ltd., Department of Chemistry, 
Brunei University, Oxbridge, Middlesex, U. K. 
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B X-Ray Crystallography 
Selected quality single crystals were mounted and sealed in Lindemann glass 
capillaries under nitrogen. 
X-ray intensities were measured on a MSC/Rigaku RAXIS lie imaging-plate 
diffractometer for compounds 4 and 12. A self-consistent semi-empirical absorption 
correction based on Fourier-coefficient fitting of symmetry-equivalent reflection was 
applied by using the A B S C O R program “ 
Diffraction experiments of compounds 1-3, 5-6,9-11 and 13 were carried out on 
a Bruker S M A R T C C D diffractometer with a M o Ka sealed tube, co scan mode with 
increment of 0.3°. Preliminary unit cell parameters were obtained from 45 frames 
while final unit cell parameters were obtained from global refinements of reflections 
by integrating all the frame data. The collected frames were integrated using the 
preliminary cell-orientation matrix. The S M A R T software was used for collecting 
frames of data, indexing reflections, and determination of lattice constants. 
SAINT-PLUS was used for integration of intensity of reflections and scaling. 
SADABS was used for absorption correction.^  
All crystal structures were determined by a direct method that yielded the 
positions of all non-hydrogen atoms. All non-hydrogen atoms were refined 
anisotropically. All hydrogen atoms were generated geometrically (C-H bond distance 
was fixed at 0.96 A), assigned appropriate isotropic thermal parameters and allowed 
to ride on their parent carbon atoms. They were held stationary and included in the 
structure factor calculation in the final stage of full-matrix least-squares refinement. 
All computations were performed on an IBM-compatible personal computer with the 
SHELXTL-PLUS program package, SHELXTL-93 or SHELXTL-97 program 
package. Analytic expressions of neutral-atom scattering factors were employed and 
96 
anomalous dispersion corrections were incorporated." 
a Kopfmann, G.; Huber, R Acta Crystallogr., Sect. A 1968, 24, 348. 
h SMART and SAINT for Windows NT® Software Reference Manuals (version 5.0) and SHELXL 
Reference Manual (version 5.1), Bruker Analytical X-ray Systems, Inc., Madison, Wisconsin, USA, 
1997 
c i) Sheldrick, G M., SHELXL PC Manual, Siemens Analytical X-ray Instruments, Madison, 
Wisconsin, USA, 1990 ii) Sheldrick, G. M., In Computational Crystallography, Sayre D.’ Eds., 
Oxford University Press, New York, 1982, p 506. iii) Sheldrick G. M., In Crystallographic 
Computing 3: Data Collection, Structure Determination, Protein and Databases, Oxford 
University Press, New York, 1985, p 175. iv) Sheldrick, G M.，SHELXL 93 and SHEXLXL 97, 
Program for Crystal Structure Refinement from Diffraction Data, University of Gottingen, 
Gottingen, Germany, 1997. 
d rbers, J. A.; Hamilton, W. C. In International Tables for X-Ray Crystallography, Kynoch Press, 
Birmingham, 1974, vol 4, p 55,99 and 149, vol. 3, p 278. 
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APPENDIX II 
TABLES OF CRYSTALLOGRAPHIC DATA AND 
REFINEMENT PARAMETERS 
98 
Table II-5 Crystallographic Data and Refinement Parameters for Compounds 11 and 
12. 
Compound 1 2 
Empirical Formula C6oHii2Li4N804Si4 CeoHi i2N8Na404Si4 
Formula Weight 1149.70 1213.90 
Color/ Shape Deep Red Block Deep Red Block 
Temperature (K) 293 (2) 293 (2) 
Wavelength (A) 0.71073 0.71073 
Crystal System Orthorhombic Monoclinic 
Space Group Pna2i P2i/n 
Crystal Size ( n W ) 0.91 x 0.86 x 0.78 1.15 x 0.86 x 0.54 
a{k) 28.5345 (14) 15.3212(8) 
B ( K ) 9.9753 (5) 15.8023 (8) 
c{A) 26.3743 (13) 16.3189 (9) 
a(deg) 90 90 
A (deg) 90 108.1340(10) 
y (deg) 90 90 
Volume (A3), Z 7507.2 (6), 4 3754.7 (3)，2 
Density (Mg/m^) 1.017 1.074 
Absorption Coefficient 0.122 0.147 
(mm-i) 
厂(000) 2512 1320 
d Range for Data 1.43 to 23.99 1.59 to 28.01 
Collection (deg) 
Completeness to d (%) 100.0 99.5 
No. of Reflection 35643 24953 
Collected 
No. of Independent 10587 (0.0597) 9023 (0.0303) 
Reflections (Rint) 
Absorption Correction SADABS SADABS 
Goodness-of-FitonF^ 0.940 0.977 
[/>2o(7)] 0.0732,0.1983 0.0600,0.1891 
m , wR2 (All Data) 0.1227, 0.2294 0.1022, 0.2176 
Largest Diff. Peak and 0.320 and-0.333 0.364 and-0.274 
Hole (e A-3) 
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Table II-5 Crystallographic Data and Refinement Parameters for Compounds 11 and 
12. 
Compound 3 4 
Empirical Formula C76Hi44K4N808Si4 C38H72Br2Mg2N404Si2 
Formula Weight 1566.75 913.62 
Color/ Shape Deep Red Block Red Block 
Temperature (K) 293 (2) 293 (2) 
Wavelength (A) 0.71073 0.71073 
Crystal System Triclinic Orthorhombic 
Space Group PT P2,2i2 
Crystal Size (mm^) 0.82 x 0.61 x 0.24 0.6 x 0.5 x 0.4 
a (A) 12.9978(10) 14.829 (3) 
b(A) 14.3404(11) 15.135(3) 
c{A) 14.8662 (12) 11.084 (2) 
«(deg) 89.845 (2) 90 
A (deg) 70.976 (2) 90 
y(deg) 68.740 (2) 90 
Volume (人3), z 2420.3 (3), 1 2487.7 (9), 2 
Density (Mg/m^) 1.075 1.220 
Absorption Coefficient 0.282 1.740 
(mm-i) 
F(000) 852 964 
e Range for Data 1.54 to 25.00 1.92 to 25.67 
Collection (deg) 
Completeness to d (%) 99.7 92.8 
No. of Reflection 13277 7013 
Collected 
No. of Independent 8507 (0.0486) 4168 (0.0458) 
Reflections (Rint) 
Absorption Correction SADABS A B S C O R 
Goodness-of-Fit on 厂2 0.918 1.027 
RY, wR2 [I>2(5(1)] 0.0826, 0.2173 0.0621, 0.1507 
yvR2 (All Data) 0.2087,0.2945 0.0765,0.1599 
Largest Diff. Peak and 0.285 and-0.226 0.203 and-0.633 
Hole (e A-3) 
100 
Table II-5 Crystallographic Data and Refinement Parameters for Compounds 11 and 
12. 
Compound 5 6 
Empirical Formula C46H88Cl4Li2N406Si2Zn2 C2oH34N4Si2 
Formula Weight 1135.80 386.69 
Color/ Shape Orange Block Orange Block 
Temperature (K) 293 (2) 293 (2) 
Wavelength (A) 0.71073 0.71073 
Crystal System Monoclinic Monoclinic 
Space Group C2/c P2i 
Crystal Size (mm^) 0.98 x 0.83 x 0.11 0.48 x 0.35 x 0.23 
a (A) 26.0478(16) 9.2926 (7) 
B(K ) 10.5134 (6) 11.6805 (9) 
c(A) 22.4770(13) 11.0279 (8) 
a (deg) 90 90 
A (deg) 90.261 (2) 108.399 (2) 
y (deg) 90 90 
Volume (A3), Z 6155.3 (6), 4 1135.80 (15), 2 
Density (Mg/m^) 1.226 1.131 
Absorption Coefficient 1.034 0.167 
(mm-i) 
F(000) 2408 420 
0 Range for Data 1.56 to 28.01 1.95 to 28.01 
Collection (deg) 
Completeness to 0 (%) 99.7 99.9 
No. of Reflection 20462 7765 
Collected 
No. of Independent 7406 (0.0730) 5211 (0.0298) 
Reflections (Rint) 
Absorption Correction SADABS SADABS 
Goodness-of-Fit on F^ 0.799 0.952 
R h [/>2a(/)] 0.0528,0.1255 0.0458,0.1017 
Rl,僅(All Data) 0.1580,0.1504 0.0643,0.1096 
Largest Diff. Peak and 0.391 and-0.255 0.243 and-0.243 
Hole (e A-3) 
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Table II-5 Crystallographic Data and Refinement Parameters for Compounds 11 and 
12. 
Compound 9 10 
Empirical Formula C29H59MgN30P2Si2 C49H67MgN303P2Si2 
Formula Weight 608.22 888.49 
Color/ Shape Bright Yellow Block Red Prism 
Temperature (K) 293 (2) 293 (2) 
Wavelength (A) 0.71073 0.71073 
Crystal System Monoclinic Monoclinic 
Space Group C2/c P2i/n 
Crystal Size (mm^) 1.20 x 0.62 x 0.41 0.9 x 0.773 x 0.715 
a(k) 38.2658(18) 12.268 (2) 
b{A) 10.8370(5) 16.695 (3) 
c(A) 18.0881 (9) 25.106 (5) 
a(deg) 90 90 
P (deg) 104.0880 (10) 99.062 (4) 
y (deg) 90 90 
Volume (A、Z 7275.3 (6), 8 5078.1 (18)，4 
Density (Mg/m^) 1.111 1.162 
Absorption Coefficient 0.227 0.186 
(mm-i) 
厂(000) 2656 1904 
e Range for Data 1.10 to 28.04 1.47 to 28.04 
Collection (deg) 
Completeness to 0 (%) 99.6 99.1 
No. of Reflection 24044 33648 
Collected 
No. of Independent 8785 (0.0395) 12193 (0.1065) 
Reflections (Rht) 
Absorption Correction SADABS SADABS 
Goodness-of-Fit on F^ 1.021 0.909 
R\, wR2 [/>2a(/)] 0.0548，0.1509 0.0723,0.1736 
Rl,滅2 (All Data) 0.0853, 0.1775 0.1740，0.2223 
Largest Diff. Peak and 0.482 and-0.484 0.589 and-0.335 
Hole (e A-3) 
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Table II-5 Crystallographic Data and Refinement Parameters for Compounds 11 and 
12. 
Compound 11 12 
Empirical Formula C5oHiooCl2N6P4Si2Sn4 C62Hi36N8P4Pb4Si8 
Formula Weight 1567.26 2171.15 
Color/ Shape Orange Prism Orange Block 
Temperature (K) 293 (2) 293 (2) 
Wavelength (A) 0.71073 0.71073 
Crystal System Monoclinic Triclinic 
Space Group C2/c Pi 
Crystal Size (mm^) 0.529 x 0.526 x 0.298 0.30 x 0.20 x 0.10 
a (A) 17.3273 (9) 11.702 (2) 
b(A) 32.3481 (17) 13.933 (3) 
c(A) 14.4214(8) 17.285 (4) 
a (deg) 90 89.48 (3) 
/KDEG) 109.2650(10) 72.35 (3) 
y (deg) 90 67.73 (3) 
Volume (人3), z 7630.6 (7)，4 2467.3 (9), I 
Density (Mg/m^) 1.364 1.461 
Absorption Coefficient 1.543 6.999 
(mmfi) 
F(000) 3168 1064 
e Range for Data 1.40 to 28.02 1.25 to 25.00 
Collection (deg) 
Completeness to 0 (%) 99.6 78.7 
No. of Reflection 25663 6841 
Collected 
No. of Independent 9208 (0.0576) 6841 (0.0000) 
Reflections (Rint) 
Absorption Correction SADABS A B S C O R 
Goodness-of-Fit on F^ 0.982 1.059 
僅[/>2a(7)] 0.0599，0.1815 0.0780, 0.2056 
/n，wR2 (All Data) 0.1127,0.2086 0.0849, 0.2151 
Largest Diff. Peak and 2.128 and -0.518 2.679 and-2.861 
Hole (e A-3) 
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Table II-6 Crystallographic Data and Refinement Parameters for Compound 13. 
Compound 13 
Empirical Formula C5oHio2Ge2N6P4Si2 
Formula Weight 1168.80 
Color/ Shape Orange Block 
Temperature (K) 293 (2) 
Wavelength (A) 0.71073 
Crystal System Triclinic 
Space Group PT 
Crystal Size (mm^) 0.40 x 0.30 x 0.30 
a (A) 13.638(3) 
h{A) 15.684(3) 
c(A) 16.274 (3) 
a(deg) 71.738 (3) 
A(deg) 80.697 (3) 
y (deg) 84.728 (3) 
Volume (A、Z 3259.0 (11), 2 
Density (Mg/m^) 1.191 
Absorption Coefficient 1.129 
(mm-i) 
F(000) 1248 
d Range for Data 1.37 to 25.01 
Collection (deg) 
Completeness to 0 (%) 98.0 
No. of Reflection 13548 
Collected 
No. of Independent 11276 (0.0379) 
Reflections (Rint) 
Absorption Correction SADABS 
Goodness-of-Fit on F^ 1.048 
wR2 [/>2a(/)] 0.0732, 0.1247 
R h yvR2 (All Data) 0.1060, 0.1365 
Largest Diff. Peak and 0.891 and-0.469 
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